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Sediment Oxygen Demand (SOD) is the fluctuation of dissolved oxygen between
the sediment from the overlying water. The method to acquire SOD values is inefficient 
and troubled by unreliable equipment. Diffusion gradients in thin film (DGT) are
proposed as a potential method to collect geochemical proxy measures that can be used as 
SOD predictors.   Field deployment of the DGTs was conducted at two locations to 
compare recovery and accuracy against ex-situ centrifuge methods.  The results indicated 
DGT can be used as a statistically significant geochemical method.  A principle 
component analysis was used to determine if reduced iron and manganese collected using
DGTs clustered with SOD.  Results indicated reduced iron and manganese cannot be 
used to predict SOD.  Sulfide measurement by microelectrode from the same matrix of 
geochemical methods however did cluster with SOD.  A stepwise multiple linear 








I dedicate this thesis to Brooke, my family and close friends that have given me 














I would like to thank Curry Templeton the master of Chemistry.  My committee
Darrel Schmitz, Karen McNeal, James Martin, and Brenda Kirkland.  I would also like to 
thank my field assistance Alon Blakeney, Sandra Ortega, Danielle Merrit.  I would like to 
thank my friends who taught me how to use microelectrodes Calista Mills, Erin 
Anderson.  I would like to thank the EPA Crew: John, Don, Greg, Mel, Nathan, Louis, 
and the rest of the EPA Crew for all of the help with filed data collection. This material is 
based upon work supported by the National Science Foundation under Grant No. DGE-
0947419 and USEPA Grant No. 83604801at MSU.  Any opinions, findings, and 
conclusions or recommendations expressed in this material are those of the author(s) and 
do not necessarily reflect the views of the National Science Foundation. I would like to 
thank Mississippi State University Department of Geosciences for giving me the






   
  
   
 
   









   
    
  















LIST OF TABLES............................................................................................................. vi
LIST OF FIGURES .......................................................................................................... vii
CHAPTER
I. INTRODUCTION .............................................................................................1
II. LITERATURE REVIEW ..................................................................................5
Sediment Oxygen Demand ................................................................................5







Field Site One: Old Tampa Bay Florida ..........................................................15
Field Site Two: Choctawhatchee Bay Florida .................................................16
Field Site Three: Bay St. Louis Mississippi ....................................................16
III. METHODS ......................................................................................................20
Pre-implementation at Tampa Bay ..................................................................20
DGT Gel Preparation .......................................................................................20
DGT Lab Experiments .....................................................................................22
Implementation at Choctawhatchee Bay FL and Bay St. Louis MS ...............23
Porewater/DGT Iron Measurement..................................................................26
Porewater/DGT Manganese Measurement ......................................................27
Porewater Sulfide Measurement ......................................................................27
DGT Sulfide Method .......................................................................................28
AVS Method ....................................................................................................28








   










   
  
 
   
   






Stepwise and Simple Multiple Linear Regression .....................................31
IV. RESULTS ........................................................................................................32
Preliminary Gel Study Results Tampa Bay FL................................................32
DGT Laboratory Results..................................................................................34
Choctawhatchee Bay Results ...........................................................................35
Bay St. Louis Results.......................................................................................44
V. DISCUSSION..................................................................................................56
DGT Development and Application ................................................................56
DGT and Centrifugation Comparison..............................................................58
Geochemical Predictors of SOD......................................................................60




A. MICROELECTRODE AND STATISTICAL DATA .....................................70
Choctawhatchee Bay Electrode Data...............................................................71
Bay St. Louis Electrode Data...........................................................................83





    
   
  
   
  
     
       
     
    
    
  
  
    
   
  
  
   
  
LIST OF TABLES
1 Gel data for 5 Old Tampa Bay Sites ..................................................................33
2 Percent Recovery of slice interval used to determine gel slice size for
field analysis...........................................................................................35
3 Porewater metals measured by centrifugation by 2 cm slices for six of 
the eight sites from Choctawhatchee Bay FL.........................................42
4 Choctawhatchee Bay DGT Gel data for all eight sites of the study...................43
5 Choctawhatchee Bay Average AVS for all sites studied. ..................................44
6 Porewater data from the four sites sampled in Bay St. Louis MS .....................50
7 Gel data from the four sites sampled in Bay St. Louis MS................................51
8 Values used in Non-parametric Kruskal Wallis Test .........................................52
9 Mean, Std. Deviation, and Significance values from the Kruskal Wallis 
Test .........................................................................................................52
10 PCA Clustered Variables for SOD and DGT Fe and Mn. .................................53
11 Statistical Results from the Stepwise Multiple Linear Regression 
indicating H2S_core as the lone variable to use for the prediction 
of SOD....................................................................................................54
12 Statistical Results from Multiple Regression for variable that can be





    
    
    
    
     
    
    
    
    
    
    
      
    
    
      
   
    
    
  
  
     
    
LIST OF FIGURES
1 Sediment squeezer photo Reeburgh, 1967 ...........................................................8
2 Peeper Apparatus drawing from Teasdale et al., 1995.......................................10
3 Microelectrode sensor Unisense.com.................................................................11
4 DGT explode view from DGTResearch.com.....................................................14
5 The field sites of Old Tampa Bay Florida. .........................................................17
6 Sample sites for Choctawhatchee Bay, Destin FL .............................................18
7 Sample sites for St. Louis Bay, Bay St. Louis MS.............................................19
8 DGT gel solution solidifying between glass plates. ...........................................21
9 Iron spiked sediment core with DGT stick deployed. ........................................22
10 DGT gels in-situ at Choctawhatchee Bay. .........................................................24
11 Sulfide Digestion System used for the extracting AVS from sediments. ..........29
12 Porewater pH values for eight sites from Choctawhatchee Bay FL. .................38
13 Porewater Dissolved Oxygen concentrations for eight sites from 
Choctawhatchee Bay FL. .......................................................................39
14 Porewater redox potential for eight sites from Choctawhatchee Bay FL...........40
15 Porewater H2S concentrations for the sites analyzed from 
Choctawhatchee Bay FL. .......................................................................41
16 Porewater pH for four sites from Bay St. Louis MS. .........................................46
17 Porewater dissolved oxygen concentrations of four sites from Bay St. 
Louis MS. ...............................................................................................47
18 Porewater redox potential of four sites from Bay St. Louis MS. .......................48





















Estuaries are one of the most highly vulnerable parts of the hydrosphere.  These
vital water bodies contain a wide variety of plants and animals that are easily harmed by
pollution from the developing industry, urbanization, and upstream agricultural practices.   
The influx of non-point source pollution and nutrient loading creates great potential for 
hypoxia, red tide, eutrophication, and anoxic conditions in the water.  Estuary conditions 
must be monitored in order to prevent the negative effects of nutrient loading.  
Sediment oxygen demand (SOD) by definition is the amount of oxygen taken 
from the waters overlying sediment (Hu et al., 2001) and includes biological and 
chemical processes.  Microbial communities use dissolved oxygen for aerobic respiration.  
Once the oxygen is used up some organisms are mobile and able to move to more oxygen 
rich sediments while other more sessile organisms are not.  Oxygen can also be up taken 
through the oxidation of reduced chemical species such as Fe2+, Mn2+, H2S, among
others.  The methods most commonly used to determine SOD are either benthic oxygen 
chambers in-situ or ex- situ cores sampling and monitoring in the laboratory.  The in-situ 
chamber method is most advantageous as it includes a continuous analysis of actual 
environmental conditions, however, the moored chambers must be constantly monitored 
and divers deployed to collect the water samples over various time intervals during the 





















for 12 hour deployment, and large crews, limits the chamber approach, however 
laboratory SOD approaches are also limited because they do not necessarily reflect actual 
conditions and sediment core integrity can be problematic.  A potential proxy to SOD is 
to examine porewater concentrations of various reduced metals that are used during
microbial degradation of organic carbon and respired as by products.  
In situ sampling methods include Peepers or dialysis (Hesslein, 1976) a probe
with individual chambers used to make a vertical profile, diffusion gradient through thin 
film (DGT) (Zhang et al., 1995) and in-situ microelectrodes (Luther et al.1999).  Ex situ 
or grab sampling include collecting sediment cores and then employing a variety of 
methods to remove the porewater from the sediments including: the use of squeezers 
(Reeburgh 1967) and centrifugation (Edmunds and Bath, 1976) or directly measuring the 
extracted cores via microelectrodes (Revsbech, 1983: Luther et al., 1998).   The main 
advantage of in-situ over ex-situ is sample contamination.  When extracting field samples 
two things can occur, the sediments become agitated and settle differently than the 
original state before being cored or dissolved oxygen can corrupt the reduced system.   
The disadvantages of in-situ porewater analysis are cost and time. The DGT method is 
preferred over peepers because the peepers method takes multiple weeks to equilibrate 
while DGT equilibration can be completed in 24. 
It is proposed here that metals collected using the DGT methods, as well as 
potentially other water column and sediment measures such as nutrients, chlorophyll, and 
sediment solid phase species can be used as a proxy for measuring SOD.  This project is 
part of a larger project that will employ a number of water column and sediment 











       
      












alternative in-situ method to that of traditional SOD methods.  DGT samplers are an 
inexpensive tool. Once extracted the DGT gels can be stored long-term for later 
laboratory analysis due to the demobilization of reduced metal concentrations on binding
layer gel.  
Porewater analysis results can describe possible microbial activity in the
sediments. For this study  the most important items of interest are the geochemical state 
of the sediments in particular Mn2+, Fe2+, H2S.  Listed below are the equations for the 
three principle analytes of interest.
Manganese Reduction: MnO2 + CH2O + 4H+  CO2 + 2Mn2+ + 3H2O (Eq. 1)
Iron Reduction: 4FeOOH + CH2O + 8H+  CO2 + 4Fe2+ + 7H2O (Eq. 2)
-Sulfate Reduction: SO4 + 2CH2O + 2H+  2CO2 + H2S + 2H2O (Eq. 3)
The concentrations of reduced iron, manganese and sulfides are controlled by the 
early diagenesis of carbon where carbon is oxidized through a series of biologically
driven redox reactions which produce reduced chemical byproducts such as Mn2+, Fe2+, 
H2S. These three reduced species can be easily analyzed by studying sediment 
porewater.  
The task at hand is to find a cheaper, faster and reliable method for determining
SOD than using the very timely and costly SOD chamber method.  For this study three
major questions are proposed.
The first question involves determining the best conditions for maximum recovery
of porewater analytes. This will be tested by omitting the diffusive layer, doubling the gel 
thickness and determining the best interval to cut and analyze the gels, 5cm, 3cm or




    
 
   
comparing the DGT gel metal concentration with traditional porewater extraction results.
The third question brings all the variables together to determine, which geochemical 
parameters, in addition to the porewater metals measured by DGT and traditional 


















Porewater quality is directly linked between bottom waters and the sediment 
below (Cerco et al.,1992).  Sediment oxygen demand is the primary interaction between 
sediment and waters that determines water quality.  Sediment oxygen demand is the rate 
of oxygen removed from the overlying water due to biologic and chemical processes.  
Biological processes include oxygen consumption in the sediments during metabolic
processes and chemical processes including direct oxidation of reduced species such as 
Mn2+, Fe2+, and H2S (Cerco et al., 1992).  The bacteria in sediments are susceptible to 
temperature; with an increase in temperature there is an increase in biological activity.  
The availability of reactants otherwise known as terminal electron acceptors can allow for 
a series of metabolic reactions to occur in sediments, otherwise known as the redox
ladder where in order of energetic favorability the following processes can occur: aerobic
respiration, denitrification, manganese reduction, iron reduction, sulfate reduction, and 
nethanogensis (Cerco et al., 1992).  Oxygen diffuses from the water column to the
sediments to fuel aerobic respiration, however, once this oxygen is consumed, the
















Sulfur, Iron, and Manganese
Trace metal involvement in chemical and biological processes found in sediments 
are largely controlled by the concentrations of sulfide (Naylor et al, 2004).  There are
many different forms of sulfur: sulfides, polysulfide, elemental sulfur, thiosulfate, sulfite, 
sulfate and multiple organic sulfur compounds (Brouwer, 1995).  Sulfur is important to 
salt marshes and coastal marine sediments as an electron acceptor, donor and carrier 
(Howarth, 1984).  With the large amount of sulfur compounds found in sediments, 
analysis for sulfides in sediments can be complicated.  The lack of oxygen in the 
sediments causes the reduction of sulfur compounds, such as sulfates, to sulfides.  
Sediments with a high level of sulfide are black in color and give off hydrogen sulfide
gases.  Sediments overloaded with sulfides are highly reduced and have high potential to 
reoxidize unless the sulfides are complexed with other metals.
The most common form of solid phase reduced sulfide is called acid volatile
sulfides (AVS) (Brouwer, 1995).  Acid volatile sulfides are created when sulfide is not 
re-oxidized and then binds with a divalent metal (Morse and Rickard, 2004).  Iron sulfide 
compounds are believed to be the most abundant solid phase of AVS due to iron 
availability (Morse and Rickard, 2004).  Once sulfide combines with iron these porewater
metals are no longer biologically available.
The main sources of iron to the coastal ocean are rivers and reducing continental 
margin sediments (Fung et al., 2000).  Open ocean iron is transported through the 
atmosphere by soil dust.  Iron is present in both soils and sea water in many forms: 
hydroxides, inorganic oxides, organic complexes and coatings for other compounds.  














   
 
  
(II), is more soluble than Fe (III).  The change in valence state occurs by three known 
possibilities; photoreduction in the atmosphere, biological due to phytoplankton, and 
hydrological in ocean and sediment water (Fung et al., 2000).  Iron reduction is in the
middle of the redox ladder between manganese and sulfate reduction.  
Porewater concentrations of reduced Mn and Fe can indicate the absence of 
oxygen in a system (Beck et al., 2008).  The absence of the two metals in porewaters may
indicate their precipitation in solid phase components.  Anoxic porewaters contain high 
concentrations of Mn compared to sea water (Beck et al., 2008).  When Mn 
oxyhydroxide reduces, it becomes Mn (II) but some Mn (III) may also form.  Manganese
precipitates with carbonate compounds in anoxic waters to form Mn carbonates (Beck et 
al., 2008). Mn like other reduced porewater species may participate in secondary redox
reaction, precipitate authigenicaly, or absorb on sediment after the initial oxidation has 
occurred (Wang and Cappellen, 1996).  
Porewater Methodologies
Squeezers
Ex-situ porewater analysis first began through squeezing sediment cores taken 
from study sites (Siever, 1962).  There are two classes of squeezers: whole core and core
section squeezers.  Whole core squeezers made of plastic liner were used to remove 
interstitial water from ocean sediments (Kalil and Goldhaber, 1973).  The apparatus 
called for a 10 cm core liner and was compressed using a hydraulic jack to push two 
pistons together into the sediment while pore water was extracted using syringes at both 
ends.  The problem with whole core squeezers is that, as porewater is removed from the 





   
 
 






true concentration of the analyte in question (Bufflap and Allen, 1995).  Potential
contamination can omitted from slice squeezing by using core section squeezers.  Filter
squeezers use mechanical means or gas to pressurize the sediments.  Siever (1962), and 
Sasseville et al (1974) both use a turn screw rod forced against a piston to pressurize the 
sediments and extract the porewaters.  During the procedure slightly compacted clay
pressurized for about fifteen minutes at working pressures of 100-200psi would produce
about 20-30ml of water (Siever, 962).  The amount of porewater per sample greatly
depends on the percent of water existing in the sediments before squeezing begins 
(Siever, 962).  

















The main source of contamination involved in the Siever (1962) method is the use
of stainless steel chambers.  Sasseville et al. (1974) designed squeezers to use all Teflon 
surfaces and were very cost efficient.  The first squeezers to use gas pressure as opposed 
to the hand powered metal turn screw were made of nylon and used a rubber diaphragm 
for core compression, while nitrogen, helium or CO2 were used for pressure (Reeburgh, 
1967).  In order to prevent leaks in the O-ring seals, the squeezers were designed to 
accommodate 200psi of pressure to seal the leaks with added pressure.  The sampler 
could be operated in different positions and used for multiple sample sizes.  Several 
squeezers could be operated at the same time and using the same amount of gas if the 
system has an integrated regulator attached to control the gas level for each sample
(Reeburgh, 1967).  Reeburgh (1967) used squeezers designed for use on unconsolidated, 
fine-grained sediments which are not suitable for the smaller amounts of anoxic 
sediments (Robbins and Gustinis, 1976).  Concentration of metals such as manganese can 
decrease by an order of magnitude when the anoxic sediments come into contact with 
even the residual air on squeezer walls.  For anoxic sediments cores should be sectioned 
into intervals of 0.5 cm to 2 cm to preserve significant details about trace metal 
concentrations when squeezing (Robbins and Gustinis, 1976).
Peepers
Sediment dialysis (peepers) are designed and field tested to determine methane
and phosphate levels in the Hudson River.  Developed by Hesslein in 1976, sediment 
peepers are designed to equilibrate a controlled quantity with the surrounding waters.  
The samplers are made of clear acrylic plastic layers held together with nylon screw to 














windows that are full of distilled water.  Once the 1 cm windows on the sampler are
filled, the windows were then covered by a dialysis membrane.
Figure 2 Peeper Apparatus drawing from Teasdale et al., 1995.
The top plate is attached and the sampler is placed in an equilibration fluid to 
remove the dissolved gasses (Hesslein 1976).  The samplers are placed in the sediments 
and equilibrated with the porewater for one week (Hesslein, 1976).  The sample windows 
are 1/2x7x1cm and are spaced 0.5 cm apart (Bufflap and Allen, 1995).  These samplers 
may be easily deployed, but strong currents and depth of deployment do pose problems 
(Bufflap and Allen, 1995).  The Peepers or dialysis method is used for a variety of 
applications i.e. trace metals (Craignan, 1984; Teasdal et al., 1995); organic carbon 















The use of microelectrodes to study sediments was first applied by Revsbech, 
(1983).  Microelectrodes are very beneficial when analyzing sediment due to the lack of 
sample disturbance.  Microelectrodes can be used for sub-millimeter resolution analysis
of the concentration change at the sediment water interface, examination of solute 
transport in porewater, sulfide concentrations, pH and redox concentrations (Luther et al., 
1998).  The membrane-type microelectrodes used are for only one specific analyte.  The
electrodes are used to describe dissolved oxygen distribution in sediment porewater 
(Luther et al., 1998).  
Figure 3 Microelectrode sensor Unisense.com
The development of pH and pCO2 membrane-type microelectrodes as described 
by Cai and Reimers (1993) are used to study porewater at the sub-millimeter scale of 






   











membrane electrode that could be used to measure two analytes at one time specifically, 
O2 and N2O. The development of the dual electrode made it possible to measure N2O 
without having to extract it from the sediments (Revsbech et al., 1988).  The development 
of a microelectrode that could be used to measure multiple redox species was 
accomplished by Brendel and Luther (1995).  The study utilized a solid-state
voltammetric gold amalgam microelectrode to determine concentrations of redox species 
in the sediments.  The advantage of their gold amalgam type microelectrode over 
membrane type microelectrodes is that most membrane types can only analyze one
specific redox analyte at a time (Brendel and Luther 1995).
Centrifugation
No single porewater extraction method can be used for all sample types, but 
centrifugation has the best potential for gathering interstitial water for chemical analysis
(Kinniburgh and Miles, 1983).  Centrifugation is an example of an ex-situ porewater 
sampling method (Bufflap and Allen, 1995).  The method requires core samples to be
taken and sliced under anoxic conditions then placed in centrifuge tubes for the 
porewaters to be pushed out.  Centrifugation has been applied to porewater extraction for 
several decades, while the application has been used to compare fluid saturation of
material to the porewater pressure of the porous hydrocarbon and groundwater rocks 
(Edmunds and Bath, 1976).  The samples are kept in an anoxic atmosphere because of the
possible contamination by oxidation of reduced metals and sulfides (Bufflap and Allen, 
1995).  Centrifugation is much better over peepers because of the real time results instead 













However, unlike microelectrode methods, centrifugation severely disturbs sediments. 
One major problem that can occur is the amount of suspended solids in the porewater
after centrifugation.  Two methods can be used to reduce or neutralize suspended 
sediment in the pore water: 1) built in filter or 2) displacement by solvent (Bufflap and 
Allen, 1995).  Adding a filter inside of the centrifuge tube can reduce the amount of 
contamination and remove the need for further filtration once the centrifuge has been 
completed (Edmunds and Bath, 1976; Saager et al, 1990).  An alternative is the addition 
of a dense solvent to displace the porewater of sediments.  Dense solvents can be used for 
recovery of sediments porewaters at slower speeds and takes less time than that of
centrifugation techniques that have a built in filter in the tube or not (Batley and Giles, 
1979)
DGT, DET
Diffusive gradients in thin film (DGT) is a sampling technique designed to 
measure dissolve labile metals in water, soils and sediments (Larner et al., 2006).  DGT is 
classified as an in-situ measurement tool by recording the concentrations in the sediment 







   
  
 




Figure 4 DGT explode view from DGTResearch.com
DGT was invented at the University of Lancaster by Bill Davison and Hao Zhang
(DGTResearch.com). Two types of DGT samplers were created: a gel disc and gel 
sticks, both sets consist of a window for entry, diffusive open pore gel, a binding layer 
and the back plate.  The metals diffuse through a diffusion layer and attach to a binding
gel of a certain thickness creating a profile of the concentrations.  The technique of
diffusive equilibration in thin films (DET) can be used to determine metal concentration 























relies on equilibrations of the gel to the surrounding water.  DET method is describe by
Luther et al. (1998) as a gel sampler that is placed in the sediment allowing porewater 
metals to diffuse into the gel.  Once sufficient time for equilibration has occurred the gel 
is removed and subsampled by cutting the gel into sections the analyzed for specific
analytes (Luther et al., 1998).  DGT samplers were first applied in sediments to measure
the fluxes of Zn and Cd in porewaters (Zhang et al., 1995b).  Zhang et al, (1995b)
assumed that porewater concentrations were sustained at a constant concentration and 
neglected to consider the kinetics of porewater or solid phase resupply.  These parameters 
were considered for the model of DGT performance investigation (Harper et al, 1998).  
The high resolution sample capability has been tested in microbial mats (Davison et al, 
1997) and in black sea sediments (Fones et al., 2001).  The DGT gels have been 
developed for the measurement of dissolved sulfide (Teasdale et al., 1999).  The sulfide
reacts with a light yellow AgI binding gel to form Ag2S turning the gel black which can 
then be scanned then using a black and white color scale, concentrations can be
interpreted (Teasdale et al., 1999).  The DGT gels have been used to determine quantity
of dissolved iron production for recent organic-rich marine sediments in Scotland (Krom 
et al, 2002).  Naylor et al. (2004) developed the DGT method further by creating a probe
that can measure both sulfide and metal species simultaneously.  
Field Site One: Old Tampa Bay Florida
Old Tampa Bay (OTB) (Figure 1) is the upper most section of the larger Tampa 
Bay system.  Tampa Bay is located on the western side of the Florida pan handle and is 
the largest bay in the region (Brooks and Doyle, 1998).  Tampa Bay is surrounded by



















shore, and St. Petersburg to the southwest.  Tampa bay is one of the top thirty most
significant estuaries in the US (Chen et al., 2007).  Tampa Bay is a clastically filled 
estuary incised into Tertiary carbonate strata (Brooks and Doyle, 1998).  The bay is 
located on the southwest flank on of the Ocala Platform.  Old Tampa Bay or the upper 
section is composed terrigenous clastic muds, the middle bay consists of re-worked 
fluvial quartz-rich sands, and the lower section of the bay consists of modern carbonate-
rich sands and gravels (Brooks and Doyle, 1998).  Roughly 98% of the bay is at a
maximum depth of 6m, with 2% deeper than 6m deep.  
Field Site Two: Choctawhatchee Bay Florida
Choctawhatchee Bay (CB) is located in the northwest portion of the state (Figure
2). The bay is part of the Gulf Coast Plain , made of recent deposits until reaching
bedrock of Oligocene Marianna Limestone about 46m below the surface (Jackson, 1992).  
Average depth in the eastern third of the bay is 3m while the western two thirds are 9m.  
The bay has many small tributaries which provide fresh water into bayous, but the main 
source of fresh water and fresh sediments is the Choctawhatchee River on the eastern 
shore (Jackson, 1992).
Field Site Three: Bay St. Louis Mississippi
St. Louis Bay (BSL) is located in the south western corner of Mississippi.  The
bay (Figure 3) is the westernmost bay along the Mississippi Gulf Coast.  Two main 
tributaries flow into the bay: the Jordan River from the west and the Wolf River from the 





   
 
   
 
south Mississippi with only a few small industrial parks, some residential groups and one
large TiO2 refinery along its shores (Lytle and Lytle 1982).  
Figure 5 The field sites of Old Tampa Bay Florida.   








































   
 









   
 
 
   
 
   
 
   
 
  
   
CHAPTER III
METHODS
Pre-implementation at Tampa Bay
DGT gels were placed and recovered from 5 of the 11 locations in Old Tampa 
Bay, FL (July 2012).  The DGT gels were placed in-situ for 24hrs +/-2hrs.  Once
retrieved, the gels were placed into a gallon Ziploc bag with deionized (DI) water to keep 
the gels from drying out.  Once back in the lab each individual gel was cut into three 5cm 
sections.  Each 5 cm section was placed into a 10 mL vile with 4 mL of 1M HCL and set 
for 24 hrs.  After 24 hrs 1 mL of the solution was place in a new 20 mL vial with 9 mL of 
DI water and set for 24 hrs.  Total Fe and Mn were measured using an Atomic
Absorption AA.  
DGT Gel Preparation
The method for making gels was modified from Robertson et al., 2008.  A gel 
stock solution was made by adding 100 mL of 40% Acrylamide solution and 1 g of BIS
and 100 mL of DI water into a 300 mL flask and was kept in the fridge when not in use.  
For metals gels, 1 g of EDTA was dissolved in 50 mL of stock gel solution.  Once the 
solution was mixed well 200 µL of 10% Ammonium per sulfate (APS) and 160 µL of 













   
 
    
   
  
mL of gel stock solution.  Once the solution was well mixed 140 µL of APS was added as 
a catalyst.  
Figure 8 DGT gel solution solidifying between glass plates.
Both types of gels, metals and sulfide, were made by pouring the solution 
between two glass plates that were spaced by 1.5 mm spacers.  The gels were poured and 
allowed to solidify for 30 minutes.  The gels were removed from the plates and cut to fit 
16.2 cm long gel sticks purchased from DGTResearch.com.  A top layer of micro 
cellulose filter paper was placed on both types of gels before stick assembly.  The sulfur
gels were placed into a 0.2 M KI bath for 24 hrs to create AgI in the gel and KNO3 
outside, a double replacement reaction.
AgNO3+KI = AgI +KNO3 (Eq. 4)
The sulfur gels were removed from the bath and placed in a bag containing 300

















used in the field.  The metal gels once cut were initially placed in bags containing DI
water were kept in the refrigerator until used. 
DGT Lab Experiments
Metals gels were placed in separate sediment cores with a spike of 25 ppm of 
either iron or manganese.   The manganese core was spiked with 0.03846 g of MnSO4 
every 2 cm.  The iron core was spiked with 0.0605 g of FeCl3every 2 cm.
Figure 9 Iron spiked sediment core with DGT stick deployed.
The gels were left in-situ for 24 hrs so that equilibration could be reached with the
sediments upon which they were removed.  The metal gels were cut into different section 
lengths.  Metals gel number one was cut into five 3 cm sections, metals gel number two 
was cut into ten 1.5 cm sections, and metals gel number three was cut into fifteen 1 cm 
sections.  Each section was placed in a 4 mL vial with 2 mL of 1M HCl for 24 hrs.  One













water for an additional 24 hrs before analysis occurred.  Total percent recovery was 
analyzed from spectrophotometric absorbance readings given by the porewater analysis
methods listed below.  The results from these different intervals were used to determine
the interval that the gels would be cut for analysis from the implementation field seasons.
Implementation at Choctawhatchee Bay FL and Bay St. Louis MS
Sediment cores (20 cm in length) were extracted from eight locations around 
Choctawhatchee Bay, FL and four locations from Bay St. Louis, MS for traditional 
porewater analyses.  An YSI Sonde was used (only in Choctawhatchee Bay, FL) to 
determine water column properties (dissolved oxygen, salinity, temperature, and 
conductivity) and added to the data pool to determine the best geochemical parameter for 


















Figure 10 DGT gels in-situ at Choctawhatchee Bay.
The gels were deployed by USEPA divers at Choctawhatchee Bay.  The site
depths range from 3 to 7 meters at CB and 1 meter at BSL.  Once extracted the metals 
and sulfur gels were placed in a gallon sized Ziploc bag with 300 mL of DI water to 
submerge the gels until they were examined in the laboratory.  Once in the laboratory, the 
metal gels were cut into seven 2 cm sections and placed in a 4 ml vial with 2 ml of 1 M 
HCl for 24 hrs.  In the vials the gel pieces were kept at a stable temperature until they
could be analyzed using the Fe and Mn porewater method detailed below.  The samples 
were analyzed spectrophotometrically using a Milton Roy Spectronic 501.  
Onsite porewater analyses were performed using microelectrodes (to measure H2S 















   




and Mn2+). As soon as the sediment cores were collected, vertical profiles of sulfide and 
oxygen were measured with the Unisense microelectrode profiling system (Brendstrup, 
Denmark) and the Sensor Trace Pro software program. Careful calibration, following the 
Unisense manufacturer instructions, of each probe was completed in the laboratory before
being used in the field. Every 36 hours the calibrations were tested for accuracy.  If the 
microelectrode’s calibration was not within 90% of the calibration curve, a new electrode
was chosen. The oxygen probe was calibrated in oxic and anoxic solutions by creating
two saltwater solutions. One of the solutions was purged with nitrogen gas while 2 g of 
ascorbic acid was added to create the anoxic solution. The sulfide probe was calibrated 
by creating a calibration curve to measure different concentrations.  The curve was 
created by preparing five beakers that would be measured with the sulfide
microelectrode.  One hundred milliliters of pH2 buffer was added to the first beaker, the
other four received 50 mL.  Each beaker received 16.5 mL of TiCl3. A serial dilution was 
done for the curve by adding 0.22 g of Na2S to Beaker 1.  Fifty milliliters was taken from 
beaker 1 (804.7 µmol/L) and placed in beaker 2, the solution was stirred.  Fifty milliliters 
was taken from beaker 2 (602.2 µmol/L) and was placed in beaker 3, the solution was 
stirred.  Fifty milliliters was taken from beaker 3 (394.8 µmol/L) and was placed into 
beaker 4 (182.5 µmol/L), the solution was stirred.  Beaker 5 was kept at 0 µmol/L.  Each 
electrode was rinsed before moving from one beaker to the next as to reduce
concentration changes.  The pH microelectrode was calibrated on a three point curve by
measuring a 4, 7, and 10 pH solutions, and the Eh electrode was calibrated on a 2-point
calibration curve by taking the 10 and 4 pH solutions and adding of 2 g of Quinhydrone




















A micromanipulator was used to lower the microelectrodes through the sediment 
at 1mm increments.  Triplicate readings of oxygen and sulfide concentrations and pH and 
Eh were measured in the sediments to obtain a profile at depth up to 10 cm.  The
concentrations are graphed in a depth profile.
Three separate sediment cores were sliced under an anoxic environment in a glove
box every 2 cm.  The 2 cm sections were placed into 100 mL centrifuge tubes to separate
the porewater from the sediment.  The porewater was removed using a 10 mL syringe and 
filtered into vials using a 0.045 µm filter for further analysis. Corresponding sediment 
slices form the three cores from each site were homogenized and placed into bags for 
further AVS laboratory analysis.  
Porewater/DGT Iron Measurement
Porewater iron and DGT iron concentrations were extracted in the field lab for all
Choctawhatchee Bay, FL and Bay St Louis, MS sites. Iron porewater and DGT gels were
analyzed using the spectrophotometric method described by Stookey (1970). First, two 
reagents were prepared before dissolved iron can be extracted. An acid reducing solution 
was created to preserve reduced iron. 0.514 g of ferrozine, 10 g of ascorbic acid and DI
water were mixed. 50 mL of concentrated HCl was mixed to the solution. The solution 
was diluted to 100 mL with DI water and allowed to cool. Second, an ammonium acetate
buffer was a necessary reagent in the extraction of porewater iron. 400 g of ammonium
acetate was combined with 300 mL of concentrated ammonium hydroxide. The solution 
was diluted to 1 L with DI water. 
To extract porewater and DGT iron, 2 mL of sample was mixed with 0.1 mL of 











   
   




   
  
 
of ammonium acetate buffer was added. Samples should turn red to magenta, based on 
the concentration of iron. Iron  has a maximum absorbance at 562 nm on the
spectrophotometer. 
Porewater/DGT Manganese Measurement
Porewater manganese and DGT manganese concentrations were measured 
spectrophotometrically in the field laboratory. Methods described by Armstrong et al. 
(1979), Brewer and Spencer (1971) and Goto et al. (1962) were used.  Three reagents 
were prepared for the analysis: Formaldoxime, Formaldoxime-NH4OH mixed with 
reagent (FMR), EDTA solution (0.1 M), and hydroxylamine hydrochloride solution 
(10%). Formaldoxime was prepared by dissolving 2.0 g NH2OH*HCl and 1.0 mL of 
formaldehyde solution (37%) diluted to a volume of 50 mL by adding DI water. The
FMR reagent was created by mixing 5 mL of formaldoxime reagent with 2 mL of 
concentrated ammonia. To run the sample 0.5 mL of sample was mixed with 0.17 mL of 
FMR. An additional 0.1 mL of EDTA was added to the solution and 0.2 mL of 
hydroxylamine solution. Manganese concentrations were analyzed at the 450 nm 
absorbance wavelength. 
Porewater Sulfide Measurement
Porewater sulfide concentrations were measured spectrophotometrically in the 
field laboratory for all Choctawhatchee Bay, FL and Bay St. Louis, MS sites (Cline, 
1969).  Reagents used in this method were: FeCl3-6H2O, cool 50% (v/v) HCl, N, N-
dimethyl-p-phenylenediamine sulfate (available through Fluka). Four sulfide
















color, the 40-250 and 250-1000 range of samples were diluted to ratios of 2:25 and 1:50 
(Cline, 1969).  Fixed samples were refrigerated.  
DGT Sulfide Method
Sulfur gels were prepared for analyses by air drying the gels on a piece of copy
paper.  The gels were photographed and added to Adobe Photoshop where a color scale 
was made to relate color change to sulfide specific concentration.  This method was 
modified from Robertson et al. (2008) where the gels were scanned directly into 
Photoshop.
AVS Method
Total acid volatile sulfur (AVS) analysis was performed on samples from 
Choctawhatchee Bay.  The AVS analysis method is an exact way to determine the
amount of reduced sulfur components in sediments (Canfield et al., 1986).  Acid volatile 
monosulfides is the specific form determined by the use of the sulfide digestion system 
(figure #) (Canfield et al., 1986).  To measure AVS, 2-3 grams of sediment was mixed 
with 5 g of SnCl2. Then 20ml of 6M HCl was added to the flask.  The flask was then 
boiled while simultaneously purging with nitrogen gas to keep oxygen out and preserve












   
Figure 11 Sulfide Digestion System used for the extracting AVS from sediments.
The H2S was captured in solution in a graduated cylinder, containing 0.5 M 
NaOH.  The total solution was split into four vials of 10 mL solution and treated with the 
sulfide indicator solution (Cline, 1969).  The absorbance read by the spectrophotometer
was compared to a sulfide standard curve (Cline, 1969).  
Ancillary Porewater and Solid Phase Measurements
At every site water column properties (temperature, turbidity, dissolved oxygen, 
pH) were taken every meter using a YSI Sounde probe.  Top water and bottom water
nutrient levels and bottom water chlorophyll were analyzed by MSU Environmental 
Engineering.  The EPA also conducted water column nutrient analyses, sediment nutrient 





















To determine the best interval to cut the gels, pre-implementation experiments 
were conducted to measure recovery of metals in the different slice intervals and 
thicknesses used.  A simple percent recovery of that data was used to determine the cut 
interval for the gels.  
Kruskal Wallis Test 
The Kruskal-Wallis test is a statistical method that was co-developed and named 
by Kruskal and Wallis (1952).  Kruskal-Wallis test is a nonparametric distribution free
test. The test assesses the significant differences of a continuous dependent variable over 
groups of dependent variables.  For this study DGT and centrifugation iron and 
manganese concentrations were tested for significant differences between the different 
methods. Assumptions for Kruskal-Wallis groups are that they follow a non-normal 
distribution and each group is independent of the other(s).  
PCA
Principal Component Analysis (PCA) is a statistical method that was used for 
dimension reduction (Martınez-Máñez et al., 2005). PCA gives a unique result, 
without the need for a hypothesis.  Principal components are not correlated.  PCA is 
defined as an orthogonal linear transformation, which creates a projection of the greatest 
variance into a new coordinate system. The projection of the greatest variances 
corresponds to the first principle component, and the second greatest variance












   
  
assumptions must be met: assumption of linearity: The observed data set is linear 
combinations of a certain basis.  Assumption of the statistical importance of mean and 
covariance: PCA utilizes eigenvectors of the covariance matrix.  Assumption that large
variances have important dynamics: Coordinates are rotated to align transformed axes 
with the directions of maximum variance.  A varimax rotation and a Kaiser 
Normalization were used.  With all of the data variables (432) collected for Old Tampa 
Bay and Choctawhatchee Bay, PCA is necessary to determine which geochemical 
processes are associated with SOD.  
Stepwise and Simple Multiple Linear Regression
A stepwise multiple regression uses regression models to choose predictive
variables by procedures such as t-test, F-test, R-square (Hocking, 1976).  The stepwise 
regression adds or deletes variables one at a time thought the test based on certain criteria
to find the significant variables (Hocking, 1976).  A simple multiple linear regression 
attempts to build a relationship among two or more variables and a predicted variable 
(stat.yale.edu, 1998).  The test does this by fitting the association to a line so that the two 
or more independent variables can be used to predict the dependent variable.  There are
three assumptions for multiple regression model: the population mean follows a linear 
pattern (Brant, 2007), the y values are statistically independent: and the distribution of
data is normal.  A stepwise multiple regression was used to determine an if the variables 
(Table 10) from the PCA that clustered with SOD could be used to predictSOD.  A 
simple multiple regression was used to determine if DGT_Fe and DGT_Mn could be 















Preliminary Gel Study Results Tampa Bay FL
Tampa Bay gels show an increase in porewater total iron with depth at three of 
five sites.  Total manganese showed an increase with depth at three of the five sites.  Both 
sites 2 and 3 shared and increase with depth for Fe and Mn.  Site 1 shows an increase in 
Fe from an average of 6 ppm to 15 ppm and there was a decrease from 20 ppm to no 






      
 
   
   
   
 
   
   
   
 
   
   
   
 
   
   
   
 
   
   










Table 1 Gel data for 5 Old Tampa Bay Sites
Old Tampa bay Gels



















































Site 2 shows an increase in both Fe, 6 ppm to 25 ppm, and Mn, 15 ppm to 43 ppm 
(Table 1).  Site 3 shows an increase in both Fe, 6 ppm to 35 ppm, and Mn, 14 ppm to 26
ppm, but the middle third of the gel had no detectable Mn.  Site 4 had an exponential 
decrease in Fe from 61 ppm to 7 ppm while Mn went from non-detectable to a spike of 
46 ppm the highest level of Mn recorded (Figure 1).  Site 7 showed a decrease in both Fe, 
11 ppm to 1 ppm, and Mn, 16 ppm to 9 ppm, this was the only site with decreasing
concentrations for both metals.  Results from Tampa bay gels showed the top third of the 
gel has 11.493 ppm of Fe and 15.930 ppm of Mn, the middle third has 1.430 ppm of Fe
and 11.211 ppm of Mn, and the bottom third has 1.284 ppm of Fe and 9.817 ppm of Mn 





   
  
  
    
  
DGT Laboratory Results
Experiments were carried out to determine the best interval for maximum 
recovery of specific analytes being studied.  Three intervals were tested (Table 2) to be 
used as a standard slice size for all analysis of the upcoming field season. For each 
intervals in question three metals gels were placed in a single core packed with sediments 
with a spiked iron concentration of 25 ppm.  The gels were cut, measured and the interval 
slices were averaged to find the percent recovery of the slice interval.  From the 
experiment the 3 cm interval indicated a 78% recovery more than 20% more than that of 






      
    
      
      
    
     
     
     
    
    
  
   
   





     
      







Table 2 Percent Recovery of slice interval used to determine gel slice size for field 
analysis
Average Percent Recovery for Different Slice Intervals
3 cm 1.5 cm 1 cm





















































Microelectrode readings from the Choctawhatchee Bay sites recorded pH values 
ranging from 6.3 to 8.2.  Site CB1 had the largest range as it starts with a pH of 7 and 
dropped down to about 6.8 then peaked at 7.7 before falling back to an average pH at 7.6.  
Site CB 6 had the highest pH for the entire profile.  All data points for pH at each 
location are given in Appendix 1.
Microelectrode readings from the Choctawhatchee Bay sites recorded O2 















   
   
 
oxygen levels drop to 0 at or before entering the sediments.  Sites CB 3, 4, 7, and 10 had 
oxygen concentrations in the sediments.  Site CB 4 had oxygen concentrations down to 
one centimeter depth below the sediment water interface.  No oxygen concentrations 
were detected from 1cm to the bottom of the 10 cm profile.  The values after 4 cm to 
10cm have been omitted from the graph in order to view concentrations that were
detected in the overlying water.   All data points for O2 at each location are given in 
Appendix 1.  
Eh values range from 243.839 to -635.228 mV.  Site CB 7 has the highest redox
value at 243.839 mV just above the sediment water interface.  This point is the location 
of the most non-reducing conditions of all the sites analyzed.  Site CB 4 starts out as 
being the only site with non-reducing conditions below the sediment but past 4 cm it 
becomes the most reducing site of all eight.  Site CB 8 has the least redox potential of all
eight from 1.2cm onward.  Site CB 6 has the most redox potential for about 1cm around 
8.2cm to 9.2cm.  All data points for Eh at each location are given in Appendix 1.  
All concentrations of H2S for CB sites range from 86 to 106 µmol/L.  Sites CB 1, 
3, 6, 8, and 10 all follow a roughly constant concentration range from 84 to 92 µmol/L.  
Site CB 4 starts out on that same pattern but increases to a concentration of 95 µmol/L at 
2.5 cm for the remainder of the profile.  Site CB 7 begins at the highest concentration but 
falls to the average concentration by 2 cm.  Site CB 2 starts as the second highest 
concentration butalso falls to the average concentration by 2 cm.  All data points for H2S
at each location are given Appendix 1.
Table 3 displays the porewater results from the six sites analyzed for specific















only 3 sites showed H2S presence, only two sites had detectable concentrations of iron, 
and none of the sites had any detectable manganese.  In the case of iron, sites 2 and 3 
showed detectable concentrations and in both cases there was an increase in
concentration with an increase in depth.  Similarly, 2 of the 3 sites where H2S was 
detected, an increase with depth occurred.  Site 1 had a decrease in concentration of H2S
as depth increased.  This decrease, however, was only 0.032 ppm.  Sites 4 and 8 had no 
detectable porewater metals. 
Choctawhatchee Bay gel manganese and iron concentrations are only detectable
at one (Table 4) of the eight sites tested with the DGT gels.  Site 10 indicates only the 
presence of reduced manganese and iron.  Manganese concentrations increase with depth 
from 0 to 6 cm but decrease again at a depth of 10 cm.  Iron concentrations at the first gel 
depth interval begin with the highest value recorded at the site.   
A decrease in concentration begins at 2 cm until no longer detectable at 6 cm.  
Concentrations then increase back to peak concentration by the maximum depth of ten 
centimeters.  The Choctawhatchee Bay gel data shows no visible correlations between 









Choctawhatchee Bay pH 
















Figure 12 Porewater pH values for eight sites from Choctawhatchee Bay FL.  












   
     
 




























Figure 13 Porewater Dissolved Oxygen concentrations for eight sites from 
Choctawhatchee Bay FL.
Sites 5 and 9 were removed from the study based on field sampling time constraints.  





     




Choctawhatchee Bay Eh 
Eh (mV) 















Figure 14 Porewater redox potential for eight sites from Choctawhatchee Bay FL.  
















Choctawhatchee Bay H2S 
H2S (µmol/L) 















Figure 15 Porewater H2S concentrations for the sites analyzed from Choctawhatchee
Bay FL.  











    
   
  
       
 
    
    
    
    
    
 
 
    
    
    
    
    
 
    
    
    
    
    
 
    
    
    
    
    
 
    
    
    
    
    
 
    
    
    
    
    
   
   
Table 3 Porewater metals measured by centrifugation by 2 cm slices for six of the
eight sites from Choctawhatchee Bay FL. 
Choctawhatchee Bay Porewater
Site Level (cm) Fe2+ (ppm) Mn2+ (ppm) H2S (ppm)
0-2 0.000 0.000 0.000
2-4 0.000 0.000 0.000
1 4-6 0.000 0.000 0.000
6-8 0.000 0.000 0.064
8-10 0.000 0.000 0.032
0-2 0.000 0.000 0.000
2-4 0.000 0.000 0.192
2
4-6 0.000 0.000 0.384
6-8 0.100 0.000 0.416
8-10 0.300 0.000 0.512
0-2 0.100 0.000 0.000
2-4 0.200 0.000 0.000
3 4-6 0.200 0.000 0.000
6-8 0.200 0.000 0.000
8-10 0.200 0.000 0.000
0-2 0.000 0.000 0.000
2-4 0.000 0.000 0.000
6 4-6 0.000 0.000 0.000
6-8 0.000 0.000 0.000
8-10 0.000 0.000 0.000
0-2 0.000 0.000 0.000
2-4 0.000 0.000 0.000
7 4-6 0.000 0.000 0.000
6-8 0.000 0.000 0.000
8-10 0.000 0.000 0.000
0-2 0.000 0.000 0.000
2-4 0.000 0.000 0.000
10 4-6 0.000 0.000 0.000
6-8 0.000 0.000 0.032
8-10 0.000 0.000 0.000






   
   
      
 
   
   
   
   
   
 
   
   
   
   




    
 
  
Table 4 Choctawhatchee Bay DGT Gel data for all eight sites of the study.  
Choctawhatchee Bay Gel Data

































Sites 1, 2, 3, 4, 6, 7, 8 all had concentrations of 0 for all levels.  Sites 5 and 9 were
removed from the study based on field sampling time constraints
The average AVS (Table 5) for Choctawhatchee Bay is 27.936µg/gdw not
including 10, 3, and 4.  Moving from East to West in the bay the stations are as follows: 
1, 10, 2, 3, 8, 7, 4, and 6.  The AVS concentration increase from 21.812 µg/gdw in the far 




     










   
 










Table 5 Choctawhatchee Bay Average AVS for all sites studied.   


















Sites 5 and 9 were removed from the study based on field sampling time constraints
Bay St. Louis Results
Microelectrode readings for the Bay St. Louis sites recorded pH (Figure 9) values 
ranging from 6.4 to just above 8.1.  Site BSL2 has the highest starting at 7.76 and falling
to 7.03 by 2.2 cm with peaks around 4.4 cm at 7.86.  Site BSL 3 has the highest pH value.  
The pH values for BSL 4 past 5.3 cm seem to record irregularly due to a broken 
electrode.  All data points for pH at each location are given in Appendix 1.
Microelectrode readings for Bay St. Louis sites recorded O2 (Figure 10) values 
ranging from 0 to 29.63 µmol/L.  Site BSL 3 has the highest sediment oxygen level of all
sites.  Site BSL 1 is anoxic for the entirety of the profile. Site BSL2 and 3 both have
detectable oxygen concentrations just above the sediment.  All data points for O2 at each 
location are given in Appendix 1.  
Microelectrode readings for Bay St. Louis sites recorded Eh (Figure 11) values 
ranging from -605.4 to 71.8 mV.  Site BSL 1 begins at the lowest positive value and 
drops to -249.6 mV by 500 µm into the sediment and continues at this value throughout 











    
   
  
    
  




water interface the three sites have roughly the same redox potential or become more
negative and all three sites continue to increase in redox potential throughout the profile.  
Site BSL 4 reaches the highest redox potential (-500MV) at 5.7 cm.  All data points for 
Eh at each location are given in Appendix 1.  
Microelectrode readings for Bay St. Louis sites detected H2S (Figure 12) values 
ranging from 63.8 to 110.9 µmol/L.  Site BSL3 showed the lowest concentrations of H2S 
beginning just above the sediment and continuing throughout the profile.   Once the 
electrode reaches roughly 7.3 cm into the sediment, the readings rapidly drop and then 
increase to the maximum value indicating a malfunctioning probe; as such these values 
are disregarded in the analyses.  Sites BSL 1, 2, and 4 all recorded values within a 15 
µmol/L range from 95 to110.  Site BSL2 is the location with the highest H2S 
concentration of 110.9 µmol/L.  All data points for Eh at each location are given in 
Appendix 1.  
Porewater concentrations of iron manganese and sulfide were detectable at Bay
St. Louis. Site BSL1 is the only site that recorded concentrations (Table 6) of all three
reduced analytes that were measured from top to bottom of the profile.   Iron is only
detected at the first 2cm level of BSL2.  Manganese is detected at the remaining three
sites but at various levels throughout the profile.  H2S is detected at BSL 1 & 2 for the
entire profile.  At BSL 3 H2S is detected in four out of five layers.  It is only detected in 
the top layer of BSL4.  
The DGT gels detected concentrations at every interval for Mn and at every
interval except for the 4-6 cm level at BSL1 for Fe.   Concentrations (Table 7) show no 









highest Fe concentrations were detected at BSL1 but the highest Mn concentrations were




























   























Figure 17 Porewater dissolved oxygen concentrations of four sites from Bay St. Louis 
MS.

































































   
 
        
 
    
    
    
    
    
 
    
    
    
    
    
 
    
    
    
    
    
 
    
    
    
    
    
  
Table 6 Porewater data from the four sites sampled in Bay St. Louis MS
BSL Porewater Data
Site Level (cm) Fe2+ (ppm) Mn2+ (ppm) H2S (ppm)
0-2 0.149 0.167 0.075
2-4 0.552 0.174 0.080
1 4-6 0.113 0.160 0.075
6-8 0.161 0.205 0.085
8-10 0.065 0.104 0.085
0-2 0.002 0.607 0.145
2-4 0.000 0.429 0.233
2 4-6 0.000 0.000 0.080
6-8 0.000 0.010 0.080
8-10 0.000 0.021 0.085
0-2 0.000 0.805 0.095
2-4 0.000 0.115 0.095
3 4-6 0.000 0.066 0.080
6-8 0.000 0.101 0.090
8-10 0.000 0.000 0.000
0-2 0.000 0.003 0.080
2-4 0.000 0.000 0.000
4 4-6 0.000 0.000 0.000
6-8 0.000 0.000 0.000




   
  
      
 
   
   
   
   
   
 
   
   
   
   
   
 
   
   
   
   
   
 
   
   
   
   






Table 7 Gel data from the four sites sampled in Bay St. Louis MS
BSL Gel Data
Site Level (cm) Fe2+ (ppm) Mn2+ (ppm)
0-2 0.177 0.076
2-4 0.189 0.061



















Average concentrations of Fe and Mn from Choctawhatchee Bay and Bay St. 
Louis were compared (Table 8) to conclude if a statistically significant difference
















     
     
     
     
     
     
 
     
     
     




     
      
      
     
     
 
  





Table 8 Values used in Non-parametric Kruskal Wallis Test






























































Table 9 Mean, Std. Deviation, and Significance values from the Kruskal Wallis Test
Non- Parametric Kruskal Wallace Test





8 0.0653 0.08381 0.237
8 0.101 0.10111 0.248
12 0.034 0.06534 0.528
12 0.0027 0.52223 0.317
The results of the Non-parametric Kruskal Wallis Test (Table 9) show that there
is no statistically significant difference of the measured analytes between the two 
different methods, DGT and Centrifuge pore water analysis. Fe2+ and Mn2+ were used to 
compare the DGT and Centrifuge pore water analysis methods.  Choctawhatchee Bay
Florida and St. Louis Bay Mississippi were used for this statistical comparison.  Sulfide














   
     
 
 
       
      
       
      
       
   
    
      
 
 
       
      
     
      
      
      
      
      
      
  
 
All analyses from both Tampa Bay Florida and Choctawhatchee Bay Florida were
used to run the PCA (Table 10).  The PCA cluster 4 of 54 variables closely with SOD
based on Varimax and Kaiser Normalization. The 4 variables are H2S_core,
TPOC_bottom_ow, DOC_top_ow, and TPOC_top_ow.  The PCA did not cluster DGT
Fe or DGT Mn with the SOD.  Variables that cluster with DGT Fe and DGT Mn are AVS 
_sed, NH3_flux, Chl_a_bottom_ow, pH_ow, Eh_ow, Eh_core, TRS_sed.
Table 10 PCA Clustered Variables for SOD and DGT Fe and Mn.   
PCA Tests
SOD Close Relators
Variable Variable Description Mean Std. Deviation
Load
Value
SOD Sediment Oxygen Demand -2.1313 1.13652 -0.853
H2S_core H2S electrode sample 45.1388 48.31638 -0.896
TPOC_bottom_ow TPOC bottom water sample 1.5929 2.09409 -0.925
DOC_top_ow Doc surface water sample 7.9325 2.95301 -0.693
TPOC_top_ow TPOC surface water sample 2.4625 2.46298 -0.557
DGT Fe & Mn Close Relators
Variable Variable Description Mean Std. Deviation
Load
Value
DGT Fe DGT Fe concentrations 8.4893 10.60695 0.754
DGT Mn DGT Mn concentration 7.9 9.654 0.77
AVS_sed AVS sediment sample 90.3663 91.45327 0.75
NH3_flux Nitrate nutrient flux 0.0675 0.06274 0.805
Chl_a_bottom_ow Chlorophyll bottom water 7.755 5.5804 0.704
pH_ow pH surface sample 7.6763 0.35904 0.704
Eh_ow Eh surface sample 185.0675 105.73483 0.841
Eh_core Eh electrode sample -228.5125 124.43442 0.899
TRS_sed TRS sediment sample 30.4363 19.8785 0.755
















   
   
 
     
     
  
     
     




   
     
The four variables identified from the PCA that closely relate to SOD were used 
to run a Stepwise Multiple Linear Regression to determine which variable is a
statistically significant predictor for SOD.  The H2S_core variable (H2S electrode
profile) is a statistically significant (p<0.05) predictor of SOD based on the Stepwise 
Multiple Linear Regression.  
Table 11 Statistical Results from the Stepwise Multiple Linear Regression indicating 
H2S_core as the lone variable to use for the prediction of SOD






























An equation (Equation 5) has been generated to predict SOD using the H2S_core
variable, slope and y-intercept (Table 10).  
Predicted SOD = 0.019(H2S_core) -3.010 (Eq. 5)
A multiple regression was conducted to determine if DGT _Fe or DGT_Mn could 






    
    
 
 
   
 
  










    
   
Table 12 Statistical Results from Multiple Regression for variable that can be
predicted by DGT_Fe and DGT_Mn
Multiple Linear Regression
Dependent Variable Independent Variables
Coefficients B
Value

















Both DGT_Fe and DGT_Mn can be used as a predictor (p<0.05) for ammonia 
nutrient flux (NH3_nflux)
Predicted NH3_nflux = (0.008*DGT_Mn) + (-0.002 *DGT_Fe) + 0.018 (Eq. 6)
Both DGT_Fe and DGT_Mn can also be used to predict values of Eh_ow.
























DGT Development and Application
Diagenetic processes induce sharp gradients of redox elements in sediment
porewater (Leermakers et al., 2005).  In order for these gradients to be measured 
accurately and within the time constraints most researchers must operate in, the DGT
method is a useful tool.  Initially used in sediments for trace metal concentrations (Zhang
et al., 1995a) the DGT method has been used to measure metal concentrations for
comparison against more traditional sediment porewater centrifugation procedures.  The
DGT method is an in-situ method but due to deep water depth restrictions in some cases 
DGTs have been deployed in ex-situ cores.  Zhang et al. (2002), collected samples using
a box corer from 120m to deploy cores and retrieve cores for centrifugation.  Core
samples were also collected for both centrifugation and DGT deployment from the Rupel 
River in Belgium (Leemakers et al., 2005).  The above papers both remove cores for 
DGT deployment but only the Zhang et al. (2002) kept the cores in situ.   The DGT 
method employs a diffusive gel layer on top of the binding gel.  The diffusive layer does 
not allow for direct linear transport from porewater to binding layer.  The removal of the 
diffusion layer allows for an increase in thickness for the binding gel and a possible more
detailed view of the metals concentration in vertical profiles.   In the case of both 
















shallow enough for DGT probes to be deployed.  This shallow deployment allows for 
total in-situ conditions and secondly with the removal of the diffusive layer more direct 
concentrations were detected.
In order for the DGT gels to recover maximum concentration of metal analytes 
modifications were made to determine the best cut length for maximum results.  Gels 
were made from the guidelines given by DGTResearch.com.  In order to thicken the gels 
a modification was made to the method by removing the diffusive layer. The diffusive 
layer was limiting the amount of sections that the 15 cm gel could be divided into.  With 
the diffusion layer in place the DGT metals gels could only be cut in three 5 cm sections 
because the diffusive layer was dispersing the concentrations of analytes over a broad 
vertical area of the gel instead of a direct linear transfer from porewater to gel.  When the 
diffusive gel layer is removed the binding layer can be made thicker and the gel can be
cut into smaller intervals of length so that a more detailed vertical profile of 
concentrations for specific analytes can be produced.  The final thickness of the gel was 
1.5 mm instead of the roughly 0.75 mm thickness provided by the DGTResearch.com.  
Laboratory experiments were conducted to determine the best interval for gel slicing and 
measurement.  The idea behind the intervals was to determine the best recovery from a 
given spiked amount of concentration.  Three intervals were tested and the best percent 
recovery was at 80% from the 3 cm cut intervals.  The second best recovery was at 60% 
for 1.5 cm.  A 2cm slice of the gel was chosen as the analysis interval since it provided a
likely higher recovery yet allowed for more slices of the gel to be cut.  Furthermore, the 
interval corresponded to typical depth measurements intervals researchers have chosen 









   










   
were used for cutting the sediment cores to obtain porewater concentrations.  Also 
electrode analyses were averaged to 2 cm for more accurate comparison.  Although  the 2 
cm interval was not tested in laboratory experiments it is between the 3 cm and 1.5 cm 
intervals tested and due to the above results being 80% and 60% the 2 cm cut interval is 
the best choice.   
DGT and Centrifugation Comparison
Secondly, with the DGT method being the most modern porewater analysis
method, how does it match up with the more traditional centrifugation method? The
DGT gels can be made, transported, deployed, retrieved, stored and analyzed more
efficiently for both cost and time than the entire centrifuge porewater extractions method. 
The main problem with centrifugation is the amount of contamination that can occur 
during the sampling and analysis process, this contamination does not occur during the
DGT procedure.  Oxidation has the greatest chance to occur during the sediment slicing
and water filtering parts of the centrifugation process.  The core samples are sliced in an 
anoxic glove box but the box must be purged completely before the cap of the core is 
removed or the oxygen in the box can oxidize the reduced Fe and Mn as the layers are
sliced off.  The second chance of contamination occurs if the caps come off during
centrifugation the porewater that has been moved to the top of the tube will be oxidized 
and the sample will be contaminated.  The third chance for contamination occurs as the 
porewaters move thought the sediments toward the top of the tube.  At this point it may
bind with solid phase ions and concentrations may be reduced giving a false reading.  The
fourth and final chance for contamination occurs when the centrifuge tubes are placed 











   
 
  






removing the caps of each tube to remove the porewater that rests at the top of the tube.  
The DGT method cuts contamination out.  The binding layer of the gels binds the
reduced metal and because oxygen is not attracted to the gel, the concentration cannot be 
altered due to oxidation.  Secondly, the DGT gels are more sensitive to low concentration
systems.  Concentrations for Fe2+ were only found at 1 of the 4 Bay St. Louis sites using
centrifugation (Table 6) but Fe2+ was measured at all 4 sites using the DGT method 
(Table 7).  The values shed light on the higher sensitivity that DGT gels have over 
centrifugation.  To ensure that both methods were able to collect similar concentrations 
gels were placed and cores were extracted no more than 10 cm from one another.  
When comparing the DGT and the centrifuge method, only Choctawhatchee Bay
and St. Louis Bay Fe2+ and Mn2+ concentrations were used.  The electrodes used do not 
measure reduced Fe2+ and Mn2+ hence no data is available for comparison.  Tampa Bay
was not included in the Non-parametric Kruskal Wallis test because the DGT gels 
analyzed from Tampa bay were not made to the specifications of the other two bays nor 
were they analyzed on a spectrophotometer but rather via Atomic Absorption.  With more
time, the perfection of the sulfide gels can be used and implemented for field analysis.  
The results (Table 9) show that there is no statistically significant difference among Fe
and Mn concentrations between the two methods.  If there is no significant difference
between the methods then ideally the method that is most cost efficient and time efficient 
should be used.  In comparison with centrifugation, the DGT method is the best for














   






Geochemical Predictors of SOD
What geochemical parameters are predictors of SOD? To answer this a PCA was
used to group factors that represented the largest variance of the data set in order to find 
commonalities among variables such as porewater, overlying water, sediment, and 
nutrient fluctuations, and SOD.  Among the variable matrix, 4 variables (Table 10) are
within -0.5 of the SOD loading value from component 1 of the rotational component 
matrix.  The proposed DGT proxy variables, of Fe and Mn do not fall in that range.  
Sulfide however is grouped with SOD in the PCA.  Sulfide is second to last on the redox
ladder indicating a lack of oxygen in the system.  Sulfide production occurs below the 
oxic layer of the sediments (Jorgensen, 1977).  Sulfate reducing bacteria are metabolizing
the sulfate due to lack of oxygen in the sediment and producing sulfide as a by-product.  
Dissolved organic carbon and particulate organic carbon are also degraded by these
heterotrophic bacteria.  
Using the four variables that cluster with SOD (Table 10) a Stepwise Multiple
Linear Regression was applied and the H2S_core variable was found to be a statistically
significant proxy for SOD.  The H2S_core (H2S electrode) variable is measured using
the microelectrode method.  It is the most sensitive method when compared to the DGTs 
and centrifugation based on its real time measurements at millimeter scale.  The DGT 
method can be used to measure H2S but unfortunately the method was unable to be
replicated for field deployment in this study.  Also, H2S was undetected by the 
centrifugation method in Choctawhatchee Bay.
Standing alone, H2S could be an indicator of SOD based on the chemical re-













     




   
 
than collecting SOD at each site.  Cores can be taken from a station back to a laboratory
for analysis.  In order to retrieve SOD data, scientists must remain at the location all day
to acquire a few data points, and much complication can occur often preventing any data
from being collected.  Taking core samples from a site might be tedious but multiple sites 
can be analyzed in one day compared to one site per day with the SOD method.    
DGT proxy for other Geochemical Parameters
The DGT gels were unable to be used as a proxy method for the SOD; however, 
certain variables from the PCA clustered with the DGT gels.  The correlated variables are
listed in Table 10.  Multiple regression was completed  in order to determine the 
prediction equation.  Two variables (Table 12), Eh and NH3, showed statistical 
significance.  Ammonia in anoxic sediments is oxidized via anaerobic oxidation by
bacterial organism, more specifically Nirtosomonas (Freitag and Prosser, 2003).  The
ammonia is oxidized while utilizing manganese reduction, nitrogen dioxide, coupling of 
nitrification, and anaerobic oxidation of ammonium (Freitag and Prosser, 2003).  The
higher the reduced concentrations in a natural system the lower the Eh will be.  There is 
no need for nitrate flux or Eh to be measured when the DGTs can be used to find 
concentrations of reduced analytes of iron and manganese and then calculate them both 
correspondingly. 
The DGT method is an important advancement for porewater evaluation.  The
DGT method indirectly can help monitor the health of public waterways.  If the 
sediments are healthy the water will be healthy and if the water is healthy it can be









   
 
 









The DGT gel method was initially proposed to be studied and used as an 
alternative  method for the current EPA SOD method.  Preliminary testing was conducted 
to ensure the method would be a statistically significant method to be used for the study.  
The DGT method was tested against traditional porewater concentration measurement 
methods (Centrifugation) and results showed no significant difference between the 
analytes measure among the two methods.  Experimental laboratory studies were
conducted to determine percent recovery of the DGT technique and to determine the most
appropriate interval for slicing.  Results indicated the ideal slicing interval was 2cm.     
Statistical analyses were conducted using data from Tampa Bay and 
Choctawhatchee Bay, Florida to find a geochemical proxy for SOD.  These two field sites 
were part of a larger EPA project to determine an alternative method for current SOD
analysis method.  PCA grouped four variables (Table 10) with SOD but the DGT 
variables were not among the four.  Among the four, porewater sulfide (H2S_core) 
collected using electrode analysis was clustered the most with SOD.  A stepwise 
multiple regression determined that the porewater sulfide measured using
microelectrodes could be used as a proxy to determine SOD.  Despite the DGT measured 
Fe and Mn not being proxies for SOD, sulfide measured by microelectrode was a













   





that approach were unsuccessful.  The PCA results did not cluster DGT measured 
analytes of Fe and Mn with SOD, however the there are some variables that clustered 
with the DGT method for which the DGT method could be used to predict.  A multiple 
linear regression determined that DGT iron and manganese could be used to predict 
overlying water redox potential (Eh_ow) and ammonia flux (NH3_flux).    
The DGT porewater analysis method can be used to determine specific analytes in 
sediments.  The method has been tested and is a statistically significant to find 
geochemical parameters (Table 10) that can be used as proxies for other specific
geochemical analytes.  The method is a proven in-situ method and above other
geochemical analyses methods, DGTs are less susceptible to contamination restraints that 
other methods face.  The lack of contamination is an advantage when sampling multiple 
sites.  The gels can be made, transported, deployed, extracted and stored until analysis.  
Most traditional methods cannot.   Time is the only potential constraint with the DGT 
method. The gels can be made and deployed in the same day, but they must equilibrate
for 24 hours. Then once extracted the gels they must be cut and remain in the HCL
solution for another 24 hours before final analysis.  The other methods do not have this 
wait time but have much more demanding laboratory procedures that must be completed 
immediately after sediment recovery due to contamination potential.
More studies and additional data collection, testing of porewater sulfide
concentrations collected via traditional methods and the DGT method can indeed be
proxies for SOD is need to compare to the results.  As shown in this work, sulfide a 
predictor of SOD, as such the DGT sulfide gel is likely a method for use in large studies 
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Choctawhatchee Bay Electrode Data
pH
Depth (cm) CB1 CB2 CB3 CB4 CB6 CB7 CB8 CB10
-0.5 7.028 7.626 7.688 7.369 7.764 7.643 7.663 7.381
-0.4 7.022 7.626 7.666 7.368 7.765 7.643 7.662 7.367
-0.3 7.019 7.623 7.627 7.372 7.765 7.645 7.661 7.367
-0.2 7.018 7.619 7.632 7.385 7.765 7.642 7.664 7.400
-0.1 7.016 7.576 7.668 7.409 7.863 7.632 7.701 7.413
0 7.021 7.460 7.684 7.432 7.886 7.619 7.757 7.424
0.1 7.015 7.390 7.685 7.476 7.901 7.601 7.788 7.410
0.2 6.965 7.389 7.682 7.503 7.901 7.580 7.806 7.289
0.3 6.885 7.464 7.672 7.528 7.897 7.614 7.810 7.254
0.4 6.797 7.548 7.663 7.546 7.886 7.670 7.805 7.379
0.5 6.758 7.569 7.648 7.560 7.872 7.693 7.802 7.485
0.6 6.862 7.590 7.635 7.567 7.858 7.696 7.781 7.627
0.7 7.091 7.620 7.623 7.568 7.841 7.690 7.767 7.681
0.8 7.358 7.643 7.613 7.562 7.831 7.683 7.749 7.695
0.9 7.502 7.656 7.597 7.569 7.821 7.672 7.733 7.697
1 7.671 7.661 7.573 7.568 7.811 7.662 7.723 7.698
1.1 7.757 7.662 7.563 7.555 7.805 7.650 7.715 7.697
1.2 7.826 7.658 7.555 7.544 7.801 7.640 7.707 7.692
1.3 7.875 7.653 7.542 7.517 7.798 7.626 7.701 7.694
1.4 7.918 7.649 7.535 7.499 7.798 7.614 7.697 7.691
1.5 7.946 7.637 7.525 7.488 7.800 7.605 7.694 7.689
1.6 7.960 7.629 7.515 7.472 7.795 7.594 7.689 7.687
1.7 7.958 7.628 7.508 7.451 7.799 7.583 7.683 7.685
1.8 7.950 7.625 7.502 7.435 7.799 7.575 7.674 7.683
1.9 7.936 7.622 7.498 7.424 7.799 7.564 7.668 7.683
2 7.922 7.616 7.494 7.415 7.800 7.554 7.659 7.680
2.1 7.911 7.611 7.492 7.405 7.803 7.545 7.657 7.679
2.2 7.903 7.610 7.489 7.397 7.805 7.536 7.653 7.677
2.3 7.898 7.605 7.488 7.387 7.810 7.522 7.648 7.677
2.4 7.897 7.604 7.485 7.380 7.813 7.511 7.642 7.675
2.5 7.894 7.602 7.483 7.374 7.816 7.505 7.638 7.676
2.6 7.893 7.598 7.479 7.365 7.817 7.503 7.636 7.673
2.7 7.890 7.595 7.477 7.361 7.820 7.498 7.634 7.672
2.8 7.884 7.594 7.475 7.360 7.822 7.499 7.635 7.668
2.9 7.880 7.592 7.476 7.357 7.822 7.499 7.634 7.665




         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
3.1 7.861 7.589 7.474 7.350 7.826 7.494 7.638 7.662
3.2 7.850 7.589 7.472 7.340 7.828 7.492 7.640 7.662
3.3 7.845 7.588 7.471 7.331 7.830 7.491 7.644 7.661
3.4 7.841 7.589 7.470 7.336 7.833 7.489 7.648 7.663
3.5 7.838 7.588 7.469 7.344 7.835 7.490 7.651 7.660
3.6 7.835 7.589 7.469 7.344 7.837 7.487 7.653 7.661
3.7 7.828 7.587 7.469 7.347 7.836 7.488 7.657 7.662
3.8 7.821 7.587 7.470 7.352 7.839 7.483 7.659 7.663
3.9 7.814 7.586 7.470 7.350 7.839 7.480 7.660 7.662
4 7.804 7.587 7.471 7.349 7.838 7.480 7.660 7.665
4.1 7.796 7.583 7.470 7.351 7.841 7.478 7.658 7.663
4.2 7.787 7.582 7.470 7.348 7.843 7.479 7.659 7.666
4.3 7.784 7.579 7.473 7.351 7.847 7.479 7.661 7.665
4.4 7.779 7.568 7.474 7.350 7.838 7.482 7.661 7.665
4.5 7.774 7.566 7.476 7.349 7.858 7.482 7.718 7.665
4.6 7.770 7.564 7.476 7.349 7.872 7.482 7.719 7.666
4.7 7.766 7.563 7.475 7.348 7.869 7.485 7.720 7.668
4.8 7.762 7.561 7.477 7.348 7.869 7.485 7.723 7.667
4.9 7.758 7.563 7.476 7.348 7.868 7.489 7.729 7.668
5 7.752 7.562 7.478 7.350 7.870 7.492 7.731 7.670
5.1 7.713 7.565 7.483 7.333 7.871 7.496 7.740 7.682
5.2 7.709 7.566 7.486 7.334 7.872 7.500 7.743 7.681
5.3 7.706 7.565 7.487 7.331 7.873 7.517 7.744 7.678
5.4 7.704 7.568 7.489 7.330 7.874 7.525 7.743 7.676
5.5 7.702 7.571 7.492 7.329 7.877 7.529 7.753 7.673
5.6 7.701 7.572 7.492 7.329 7.879 7.539 7.758 7.667
5.7 7.699 7.575 7.495 7.330 7.883 7.544 7.767 7.664
5.8 7.696 7.577 7.494 7.331 7.887 7.552 7.768 7.657
5.9 7.695 7.580 7.495 7.332 7.888 7.560 7.771 7.654
6 7.695 7.581 7.497 7.335 7.891 7.566 7.769 7.649
6.1 7.697 7.582 7.497 7.337 7.891 7.569 7.776 7.643
6.2 7.693 7.583 7.498 7.347 7.893 7.575 7.776 7.642
6.3 7.693 7.584 7.502 7.355 7.903 7.582 7.778 7.642
6.4 7.693 7.583 7.504 7.362 7.909 7.587 7.789 7.642
6.5 7.696 7.581 7.506 7.372 7.906 7.594 7.800 7.642
6.6 7.695 7.581 7.510 7.377 7.919 7.599 7.810 7.641
6.7 7.695 7.580 7.513 7.382 7.922 7.606 7.817 7.641
6.8 7.695 7.579 7.518 7.389 7.921 7.612 7.824 7.641
6.9 7.696 7.581 7.521 7.391 7.926 7.617 7.828 7.642




         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
  
7.1 7.697 7.581 7.526 7.395 7.922 7.630 7.833 7.645
7.2 7.700 7.584 7.531 7.400 7.923 7.635 7.838 7.646
7.3 7.701 7.586 7.537 7.409 7.924 7.639 7.840 7.645
7.4 7.702 7.588 7.544 7.410 7.926 7.640 7.841 7.646
7.5 7.702 7.607 7.552 7.415 7.925 7.643 7.849 7.647
7.6 7.705 7.608 7.559 7.418 7.927 7.647 7.861 7.650
7.7 7.706 7.612 7.567 7.424 7.927 7.649 7.866 7.650
7.8 7.708 7.615 7.578 7.432 7.928 7.652 7.869 7.653
7.9 7.709 7.619 7.584 7.440 7.931 7.655 7.873 7.655
8 7.713 7.623 7.594 7.441 7.946 7.657 7.880 7.657
8.1 7.714 7.627 7.601 7.443 7.953 7.660 7.883 7.660
8.2 7.715 7.630 7.608 7.448 7.978 7.664 7.889 7.660
8.3 7.718 7.633 7.613 7.452 7.997 7.667 7.894 7.665
8.4 7.720 7.632 7.619 7.454 8.004 7.669 7.900 7.665
8.5 7.721 7.633 7.626 7.459 8.041 7.672 7.905 7.667
8.6 7.728 7.635 7.634 7.464 8.053 7.675 7.907 7.670
8.7 7.726 7.635 7.642 7.466 8.045 7.677 7.907 7.672
8.8 7.730 7.636 7.648 7.469 8.005 7.682 7.908 7.678
8.9 7.729 7.636 7.654 7.475 7.979 7.683 7.909 7.678
9 7.729 7.639 7.652 7.474 7.967 7.685 7.911 7.676
9.1 7.729 7.641 7.655 7.479 7.961 7.687 7.913 7.676
9.2 7.730 7.640 7.658 7.477 7.955 7.687 7.913 7.677
9.3 7.730 7.643 7.661 7.478 7.950 7.686 7.915 7.678
9.4 7.731 7.644 7.664 7.478 7.947 7.687 7.915 7.679
9.5 7.731 7.646 7.668 7.480 7.949 7.690 7.917 7.679
9.6 7.734 7.646 7.671 7.482 7.950 7.689 7.920 7.680
9.7 7.737 7.650 7.676 7.482 7.950 7.690 7.921 7.680
9.8 7.735 7.653 7.678 7.481 7.951 7.690 7.924 7.682
9.9 7.735 7.657 7.681 7.480 7.953 7.690 7.926 7.681





         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
O2 
Depth (cm) CB1 CB2 CB3 CB4 CB6 CB7 CB8 CB10
-0.5 127.174 111.658 110.777 89.035 39.905 84.548 105.329 103.116
-0.4 125.431 105.982 110.556 87.728 37.663 84.424 103.103 102.958
-0.3 132.090 86.360 109.231 81.563 37.239 83.235 85.909 104.148
-0.2 139.460 38.142 107.156 77.698 36.547 77.390 6.685 107.539
-0.1 136.370 0.000 104.528 72.380 11.955 60.350 0.000 103.558
0 42.028 0.000 96.273 63.858 0.000 39.796 0.000 31.913
0.1 0.000 0.000 80.805 52.621 0.000 14.187 0.000 0.123
0.2 0.000 0.000 38.746 47.875 0.000 0.000 0.000 0.000
0.3 0.000 0.000 0.000 46.139 0.000 0.000 0.000 0.000
0.4 0.000 0.000 0.000 40.072 0.000 0.000 0.000 0.000
0.5 0.000 0.000 0.000 32.326 0.000 0.000 0.000 0.000
0.6 0.000 0.000 0.000 19.975 0.000 0.000 0.000 0.000
0.7 0.000 0.000 0.000 3.515 0.000 0.000 0.000 0.000
0.8 0.000 0.000 0.000 2.151 0.000 0.000 0.000 0.000
0.9 0.000 0.000 0.000 0.489 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000




         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
3.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3.7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5.2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5.7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6.2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6.7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000




         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
  
7.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7.7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9.2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9.7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Depth
(cm) CB1 CB2 CB3 CB4 CB6 CB7 CB8 CB10
-0.5 48.99 43.72 100.24 102.49 85.21 145.76 99.63 78.36
-0.4 56.45 55.08 101.71 101.84 84.05 137.25 99.56 78.98
-0.3 59.57 58.36 101.33 97.11 83.02 167.88 96.12 79.15
-0.2 64.03 59.79 98.20 93.89 82.47 220.44 55.29 79.50
-0.1 67.70 -40.15 93.54 89.02 81.85 243.84 -74.99 79.60
0 63.21 -122.19 59.15 67.66 74.05 196.14 -136.89 78.50
0.1 55.80 -172.08 -52.67 62.71 44.92 -21.48 -162.96 20.65
0.2 25.64 -233.51 -112.58 58.65 9.81 -139.62 -177.06 -95.85
0.3 -58.67 -255.50 -136.34 66.27 -70.94 -177.38 -184.97 -154.33
0.4 -142.03 -266.90 -156.41 61.90 -129.12 -215.72 -191.30 -178.32
0.5 -180.78 -274.39 -166.22 62.91 -172.36 -220.49 -194.70 -186.90
0.6 -201.47 -279.45 -173.86 -30.81 -190.10 -213.43 -196.77 -190.75
0.7 -220.18 -292.01 -185.87 -84.04 -203.23 -229.31 -198.82 -194.31
0.8 -231.38 -355.12 -191.74 -97.97 -226.09 -244.69 -200.95 -196.18
0.9 -236.96 -331.67 -194.86 -119.35 -233.94 -251.91 -202.82 -198.19
1 -241.90 -320.76 -198.53 -158.45 -239.17 -253.35 -204.86 -201.02
1.1 -250.83 -323.94 -201.30 -164.80 -243.89 -253.67 -206.36 -203.07
1.2 -253.70 -368.19 -203.21 -170.23 -248.84 -253.15 -207.04 -205.22
1.3 -259.34 -353.26 -203.07 -176.80 -254.22 -253.66 -210.70 -210.69
1.4 -259.62 -347.37 -225.48 -194.21 -258.64 -255.46 -219.54 -210.61
1.5 -277.23 -345.11 -219.07 -220.43 -269.10 -258.16 -217.02 -212.82
1.6 -275.04 -343.44 -221.24 -232.80 -290.56 -259.68 -216.03 -214.76
1.7 -274.30 -345.41 -216.14 -238.37 -298.27 -261.77 -215.14 -245.89
1.8 -279.53 -349.47 -247.39 -258.74 -303.85 -264.35 -214.38 -234.22
1.9 -284.71 -348.29 -235.10 -255.22 -310.51 -266.13 -213.65 -241.49
2 -285.42 -371.74 -230.57 -255.72 -312.71 -268.72 -212.99 -237.60
2.1 -284.30 -362.17 -255.06 -258.59 -328.31 -271.72 -212.60 -235.47
2.2 -296.15 -359.00 -241.49 -267.62 -335.67 -274.58 -212.09 -233.29
2.3 -291.74 -360.66 -238.93 -305.07 -343.21 -277.87 -211.42 -234.36
2.4 -335.12 -359.72 -237.18 -323.91 -350.76 -282.80 -211.33 -265.12
2.5 -373.23 -372.46 -241.18 -323.36 -347.46 -286.72 -211.45 -250.87
2.6 -335.93 -369.06 -237.43 -330.97 -345.46 -291.93 -211.36 -245.26
2.7 -324.26 -390.10 -250.13 -335.88 -347.34 -296.32 -211.42 -248.53
2.8 -313.51 -388.34 -244.99 -335.88 -347.50 -303.21 -211.73 -245.82
2.9 -312.37 -380.29 -289.50 -402.32 -348.36 -306.79 -211.90 -243.57
3 -310.58 -376.88 -262.34 -423.24 -348.05 -311.38 -211.79 -241.25




         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
3.2 -307.89 -373.04 -253.57 -433.54 -347.98 -317.26 -211.56 -238.79
3.3 -305.47 -363.16 -253.31 -426.27 -348.16 -323.08 -211.74 -237.47
3.4 -304.36 -362.59 -268.60 -424.63 -348.40 -325.85 -212.25 -237.01
3.5 -303.50 -363.59 -273.41 -425.33 -348.47 -328.99 -212.66 -248.29
3.6 -304.68 -363.39 -262.79 -425.34 -348.50 -331.34 -212.82 -278.81
3.7 -304.39 -390.89 -276.22 -426.36 -352.95 -332.87 -213.02 -260.92
3.8 -302.65 -384.73 -268.81 -443.92 -397.19 -335.38 -213.81 -258.59
3.9 -312.50 -382.58 -276.96 -471.13 -389.26 -337.23 -214.14 -255.43
4 -314.07 -379.96 -272.15 -484.73 -383.61 -339.09 -214.50 -256.96
4.1 -313.37 -384.86 -273.40 -492.16 -376.84 -341.58 -214.79 -263.59
4.2 -311.57 -386.96 -271.28 -508.30 -374.08 -342.95 -216.65 -257.02
4.3 -311.42 -384.95 -270.62 -547.64 -378.84 -344.19 -216.63 -254.70
4.4 -313.04 -381.11 -272.06 -562.02 -423.25 -345.59 -216.65 -254.00
4.5 -311.87 -378.28 -272.29 -563.30 -403.41 -346.90 -216.70 -253.22
4.6 -312.39 -381.23 -271.58 -556.07 -374.50 -348.07 -216.85 -252.62
4.7 -361.85 -380.34 -286.58 -538.26 -373.93 -349.58 -217.06 -251.54
4.8 -354.05 -378.13 -281.53 -526.64 -380.80 -350.58 -217.28 -249.50
4.9 -349.83 -377.04 -282.06 -513.69 -377.52 -351.36 -217.56 -247.86
5 -399.44 -375.96 -278.55 -503.63 -423.16 -351.92 -165.14 -246.42
5.1 -397.19 -369.24 -296.41 -554.23 -409.08 -352.59 -170.94 -391.25
5.2 -399.13 -390.78 -326.95 -555.34 -400.80 -353.25 -175.67 -373.61
5.3 -412.32 -382.92 -338.92 -561.09 -398.87 -372.14 -178.90 -373.54
5.4 -420.24 -375.74 -322.53 -556.46 -412.86 -372.25 -182.98 -375.15
5.5 -411.55 -378.50 -314.22 -603.46 -461.09 -372.43 -190.09 -373.78
5.6 -420.22 -378.11 -312.45 -612.89 -444.41 -372.62 -192.23 -377.96
5.7 -419.47 -378.64 -311.30 -593.11 -435.46 -372.88 -193.94 -389.63
5.8 -416.16 -379.14 -312.33 -585.37 -435.73 -373.53 -195.22 -390.48
5.9 -409.86 -377.37 -323.31 -578.48 -430.24 -373.94 -196.95 -408.68
6 -419.13 -377.29 -317.86 -588.14 -424.69 -374.05 -199.42 -401.71
6.1 -414.70 -382.12 -314.87 -635.23 -420.84 -375.02 -200.79 -398.86
6.2 -420.12 -380.26 -325.07 -603.82 -416.99 -375.10 -202.26 -405.55
6.3 -415.02 -378.46 -336.34 -617.41 -451.88 -376.62 -207.00 -416.95
6.4 -413.26 -378.63 -334.23 -608.46 -462.41 -376.53 -207.41 -412.35
6.5 -420.76 -377.19 -333.97 -596.45 -450.70 -376.57 -207.80 -408.37
6.6 -421.38 -378.27 -333.74 -592.23 -444.89 -378.57 -207.02 -407.89
6.7 -417.14 -389.01 -331.75 -588.27 -439.13 -382.34 -208.52 -404.99
6.8 -419.78 -383.89 -334.11 -581.43 -435.56 -390.20 -208.94 -405.46
6.9 -417.37 -383.52 -339.40 -601.77 -432.50 -390.14 -243.82 -406.07
7 -418.55 -399.78 -347.74 -588.95 -430.73 -388.26 -238.26 -411.68




         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         








7.2 -414.91 -390.30 -359.24 -578.07 -426.59 -396.99 -233.32 -413.90
7.3 -416.59 -390.06 -354.61 -575.77 -425.98 -395.57 -230.67 -413.79
7.4 -415.29 -389.76 -347.48 -587.30 -424.22 -393.28 -234.81 -411.88
7.5 -418.64 -388.72 -354.64 -577.86 -420.18 -391.60 -234.47 -410.60
7.6 -414.56 -387.94 -353.05 -570.55 -418.80 -391.96 -238.62 -409.22
7.7 -415.27 -387.50 -350.90 -566.85 -531.21 -391.08 -241.83 -409.71
7.8 -416.21 -387.36 -348.96 -565.12 -523.13 -390.26 -238.86 -408.98
7.9 -413.22 -402.30 -346.68 -580.66 -502.22 -389.72 -238.17 -409.18
8 -414.54 -395.74 -351.72 -569.30 -578.32 -388.41 -238.36 -409.30
8.1 -416.78 -394.24 -351.10 -568.54 -604.60 -387.87 -238.58 -407.67
8.2 -415.73 -393.14 -351.39 -565.84 -584.65 -388.24 -238.86 -411.09
8.3 -419.00 -392.32 -349.85 -560.23 -563.17 -388.43 -239.17 -408.21
8.4 -417.55 -391.44 -351.16 -559.39 -583.56 -387.71 -239.56 -406.89
8.5 -416.56 -391.41 -352.05 -557.72 -570.18 -387.65 -240.27 -405.52
8.6 -415.80 -390.80 -364.90 -562.18 -566.04 -387.39 -240.52 -407.92
8.7 -415.65 -390.92 -358.24 -557.58 -555.28 -387.16 -240.86 -406.10
8.8 -416.37 -395.10 -357.63 -554.31 -552.91 -387.61 -241.20 -403.00
8.9 -413.96 -393.42 -355.82 -551.93 -550.41 -387.69 -242.97 -402.06
9 -416.32 -392.36 -354.07 -549.81 -556.03 -390.75 -243.59 -400.94
9.1 -416.93 -392.69 -353.27 -547.99 -551.27 -390.09 -244.20 -400.35
9.2 -415.23 -391.42 -352.79 -553.05 -548.68 -389.54 -244.79 -399.46
9.3 -414.44 -390.82 -358.03 -549.28 -542.62 -388.79 -245.45 -398.72
9.4 -419.98 -390.26 -356.26 -546.92 -542.69 -388.35 -248.27 -398.23
9.5 -417.41 -389.93 -354.15 -578.12 -540.95 -388.12 -252.60 -398.11
9.6 -416.28 -389.30 -353.46 -589.17 -538.91 -388.48 -252.32 -397.84
9.7 -416.13 -389.03 -352.95 -578.47 -536.47 -387.93 -252.21 -400.28
9.8 -416.30 -388.58 -353.51 -585.31 -533.94 -387.59 -252.26 -399.90
9.9 -415.76 -388.09 -353.68 -574.92 -527.54 -387.26 -252.37 -398.71





          
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
H2S
Depth (cm) CB1 CB2 CB3 CB4 CB6 CB7 CB8 CB10
-0.5 88.420 96.214 88.443 87.945 90.074 105.655 88.205 88.445
-0.4 88.615 95.109 88.285 87.781 89.534 101.446 88.003 88.323
-0.3 88.305 94.561 88.213 87.738 89.280 99.003 87.915 88.242
-0.2 88.217 94.280 88.174 87.718 89.158 96.690 87.846 88.221
-0.1 88.201 93.888 88.154 87.733 89.082 94.856 87.797 88.166
0 88.327 93.186 88.141 87.862 89.263 93.796 87.774 88.121
0.1 88.272 92.807 88.103 88.118 89.429 92.715 87.744 88.116
0.2 88.228 92.384 88.079 88.224 89.478 92.144 87.740 88.146
0.3 88.178 92.097 88.087 88.389 89.434 91.652 87.768 88.136
0.4 88.144 91.727 88.109 88.468 89.443 91.078 87.777 88.096
0.5 88.154 91.301 88.117 88.586 89.505 90.750 87.812 88.095
0.6 88.123 91.082 88.114 88.584 89.566 90.277 87.787 88.064
0.7 88.046 90.841 88.083 88.673 89.464 90.072 87.811 87.990
0.8 88.089 90.730 88.133 88.681 89.464 89.777 87.821 87.804
0.9 88.142 90.619 88.113 88.701 89.445 89.784 87.904 87.921
1 88.121 90.497 88.168 88.687 89.403 89.633 87.922 87.854
1.1 88.130 90.334 88.253 88.720 89.406 89.503 87.901 87.737
1.2 88.124 90.152 88.198 88.726 89.385 89.423 87.892 87.837
1.3 88.123 90.075 88.164 88.716 89.373 89.350 87.871 87.825
1.4 88.144 89.978 88.177 88.719 89.358 89.245 87.876 87.853
1.5 88.152 89.872 88.213 88.717 89.349 89.160 87.853 87.891
1.6 88.166 89.751 88.195 88.720 89.338 89.110 87.865 87.909
1.7 88.132 89.687 88.184 88.714 89.293 89.066 87.837 87.941
1.8 88.101 89.632 88.138 88.735 89.279 89.024 87.845 87.941
1.9 88.098 89.588 88.118 88.759 89.255 88.998 87.804 87.950
2 88.113 89.525 88.108 88.800 89.248 88.939 87.889 87.981
2.1 88.103 89.467 88.102 88.973 89.238 88.886 87.863 87.922
2.2 88.121 89.419 88.114 89.110 89.225 88.848 87.831 87.879
2.3 88.154 89.393 88.109 89.175 89.268 88.769 87.855 87.855
2.4 88.140 89.336 88.111 89.749 89.262 88.785 87.846 87.913
2.5 88.114 89.252 88.044 91.023 89.292 88.760 87.844 87.996
2.6 88.117 89.251 88.072 92.699 89.266 88.742 87.860 87.994
2.7 88.105 89.182 88.017 93.727 89.215 88.739 87.857 88.020
2.8 88.108 89.161 88.066 95.261 89.184 88.611 87.871 87.966
2.9 88.113 89.145 88.046 96.052 89.163 88.694 87.841 87.897
3 88.112 89.121 88.058 96.992 89.178 88.681 87.873 87.850
3.1 88.106 89.085 88.018 97.767 89.162 88.644 87.858 87.830




         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
3.3 88.043 89.091 87.976 99.843 89.169 88.668 87.858 87.879
3.4 88.058 89.134 87.981 99.841 89.149 88.678 87.950 87.897
3.5 88.035 89.096 88.006 100.001 89.118 88.676 87.969 87.876
3.6 88.022 89.034 87.994 100.243 89.138 88.627 87.929 87.833
3.7 88.007 89.014 88.011 100.396 89.203 88.582 87.947 87.871
3.8 88.001 89.013 88.038 100.593 89.248 88.541 87.962 87.865
3.9 88.011 89.007 88.040 100.759 89.323 88.507 87.981 87.838
4 88.027 88.969 88.034 100.929 89.343 88.510 87.992 87.835
4.1 88.050 88.880 88.036 101.341 89.361 88.468 88.002 87.833
4.2 88.056 88.854 88.026 100.626 89.371 88.477 88.000 87.825
4.3 88.055 88.820 88.001 97.508 89.256 88.441 88.009 87.822
4.4 88.048 88.547 87.983 100.812 89.881 88.051 88.021 87.815
4.5 88.035 88.501 87.986 101.982 89.795 88.102 86.217 87.806
4.6 88.017 88.462 87.989 102.353 89.266 88.135 87.774 87.795
4.7 88.006 88.420 87.977 102.620 89.222 88.167 87.908 87.768
4.8 87.997 88.392 87.976 103.016 89.184 88.180 87.964 87.757
4.9 87.980 88.352 87.980 103.187 89.160 88.200 87.949 87.796
5 87.980 88.271 87.942 103.199 89.106 88.190 87.942 87.795
5.1 87.709 88.223 87.869 100.041 89.083 88.195 87.964 87.921
5.2 87.783 88.173 87.847 100.086 89.039 88.211 88.002 87.903
5.3 87.837 88.145 87.850 100.618 88.992 88.137 88.019 87.858
5.4 87.909 88.136 87.868 101.044 88.896 88.179 88.031 87.869
5.5 87.965 88.148 87.878 102.125 88.830 88.217 88.047 87.849
5.6 87.998 88.162 87.921 102.484 88.789 88.251 88.026 87.845
5.7 88.016 88.185 87.940 103.210 88.754 88.243 88.023 87.822
5.8 88.029 88.230 88.014 103.738 88.720 88.247 88.049 87.815
5.9 88.039 88.289 87.996 103.849 88.684 88.236 88.047 87.798
6 88.033 88.339 88.022 102.922 88.656 88.341 88.049 87.764
6.1 88.044 88.410 88.032 103.777 88.624 88.358 88.058 87.733
6.2 88.068 88.458 88.068 102.889 88.576 88.238 88.036 87.710
6.3 88.050 88.480 88.069 103.264 88.550 88.206 88.041 87.697
6.4 88.046 88.485 88.081 103.279 88.519 88.181 88.051 87.682
6.5 88.025 88.495 88.082 103.312 88.531 88.159 88.054 87.701
6.6 88.020 88.485 88.104 103.122 88.514 88.134 88.053 87.692
6.7 87.996 88.486 88.119 103.300 88.516 88.110 88.066 87.703
6.8 87.995 88.482 88.025 103.385 88.528 88.081 88.063 87.715
6.9 88.006 88.463 88.129 103.178 88.519 88.076 88.071 87.742
7 87.999 88.451 88.140 102.879 88.546 88.043 88.070 87.779
7.1 87.983 88.431 88.133 102.586 88.528 88.042 88.074 87.814




         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         








7.3 87.968 88.367 88.116 102.147 88.497 88.032 88.084 87.842
7.4 87.935 88.378 88.128 101.432 88.474 88.050 88.090 87.852
7.5 87.925 87.950 88.120 101.430 88.464 88.044 88.093 87.879
7.6 87.914 88.048 88.106 100.071 88.479 88.065 88.102 87.907
7.7 87.901 88.111 88.105 100.487 88.461 88.076 88.100 87.935
7.8 87.896 88.170 88.088 99.811 88.473 88.090 88.110 87.972
7.9 87.889 88.182 88.092 99.065 88.475 88.105 88.126 87.983
8 87.879 88.191 88.078 97.724 88.491 88.126 88.137 87.984
8.1 87.878 88.201 88.123 97.901 88.523 88.132 88.119 87.980
8.2 87.877 88.211 88.083 98.800 88.539 88.111 88.160 87.992
8.3 87.861 88.229 88.077 98.273 88.537 88.149 88.158 87.989
8.4 87.860 88.268 88.081 98.426 88.542 88.146 88.149 87.993
8.5 87.902 88.285 88.071 98.371 88.533 88.144 88.123 87.987
8.6 87.948 88.285 88.069 98.199 88.530 88.164 88.110 87.997
8.7 87.968 88.238 88.066 97.739 88.519 88.169 88.098 88.003
8.8 87.997 88.199 88.065 95.746 88.543 88.181 88.101 88.015
8.9 88.006 88.162 88.073 96.756 88.556 88.186 88.109 88.021
9 88.013 88.106 88.081 97.055 88.577 88.212 88.106 88.004
9.1 88.010 88.029 88.067 97.360 88.590 88.189 88.111 87.977
9.2 88.000 88.002 88.047 97.307 88.602 88.174 88.112 87.960
9.3 87.996 87.984 88.033 96.700 88.626 88.174 88.116 87.956
9.4 88.003 87.970 88.026 97.217 88.617 88.136 88.127 87.941
9.5 88.003 87.982 87.993 96.413 88.616 88.159 88.136 87.940
9.6 88.009 88.010 88.010 97.514 88.607 88.162 88.155 87.927
9.7 88.013 88.012 88.004 97.737 88.594 88.157 88.151 87.924
9.8 88.000 88.041 87.999 97.804 88.571 88.177 88.144 87.897
9.9 88.012 88.040 87.989 97.848 88.566 88.156 88.128 87.896






      
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
Bay St. Louis Electrode Data
pH
Depth (cm) BSL 1 BSL 2 BSL3 BSL 4
-0.5 6.45 7.76 7.83 6.99
-0.4 6.48 7.76 7.90 6.99
-0.3 6.51 7.77 7.94 6.99
-0.2 6.52 7.78 7.97 6.99
-0.1 6.55 7.77 7.97 7.00
0 6.58 7.73 7.92 7.01
0.1 6.68 7.68 7.86 7.02
0.2 6.74 7.62 7.84 6.99
0.3 6.80 7.54 7.82 6.97
0.4 6.83 7.49 7.78 6.95
0.5 6.85 7.46 7.74 6.93
0.6 6.86 7.48 7.70 6.93
0.7 6.86 7.54 7.66 6.93
0.8 6.87 7.58 7.63 6.92
0.9 6.86 7.60 7.57 6.90
1 6.86 7.58 7.55 6.88
1.1 6.85 7.53 7.54 6.85
1.2 6.85 7.46 7.53 6.82
1.3 6.85 7.36 7.53 6.80
1.4 6.84 7.28 7.56 6.77
1.5 6.85 7.22 7.59 6.70
1.6 6.85 7.17 7.60 6.61
1.7 6.85 7.11 7.60 6.56
1.8 6.86 7.05 7.62 6.53
1.9 6.86 7.03 7.65 6.52
2 6.86 7.03 7.68 6.52
2.1 6.87 7.07 7.71 6.53
2.2 6.87 7.12 7.74 6.55
2.3 6.86 7.21 7.77 6.59
2.4 6.85 7.27 7.79 6.67
2.5 6.83 7.34 7.76 6.72
2.6 6.80 7.35 7.74 6.76
2.7 6.82 7.36 7.73 6.80
2.8 6.81 7.37 7.73 6.83
2.9 6.80 7.38 7.75 6.89
3 6.78 7.40 7.77 6.90




     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
3.2 6.75 7.43 7.81 6.90
3.3 6.74 7.44 7.83 6.91
3.4 6.70 7.47 7.86 6.90
3.5 6.67 7.47 7.88 6.90
3.6 6.66 7.49 7.93 6.91
3.7 6.65 7.50 7.96 6.91
3.8 6.64 7.52 7.96 6.89
3.9 6.63 7.54 7.98 6.87
4 6.63 7.56 7.98 6.87
4.1 6.62 7.57 7.99 6.88
4.2 6.62 7.58 8.00 6.84
4.3 6.62 7.59 8.01 6.80
4.4 6.62 7.59 8.02 6.80
4.5 7.05 7.86 8.03 6.84
4.6 7.05 7.83 7.97 6.87
4.7 7.04 7.79 7.93 6.88
4.8 7.02 7.77 7.90 6.89
4.9 7.00 7.74 7.89 6.89
5 6.99 7.72 7.88 6.86
5.1 6.97 7.70 7.87 6.84
5.2 6.96 7.69 7.87 6.83
5.3 6.94 7.68 7.87 6.83
5.4 6.94 7.68 7.86 9.27
5.5 6.94 7.68 7.86 9.28
5.6 6.94 7.68 7.86 9.28
5.7 6.94 7.68 7.87 9.28
5.8 6.94 7.68 7.88 9.28
5.9 6.95 7.68 7.89 9.28
6 6.96 7.68 7.90 9.28
6.1 6.95 7.68 7.91 9.28
6.2 6.94 7.68 7.91 9.27
6.3 6.94 7.69 7.92 9.27
6.4 6.97 7.69 7.92 9.27
6.5 6.99 7.70 7.92 9.27
6.6 7.00 7.70 7.92 9.26
6.7 7.01 7.71 7.92 9.26
6.8 7.03 7.73 7.93 9.27
6.9 7.05 7.73 7.93 9.26
7 7.05 7.74 7.93 9.27




     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     







7.2 7.05 7.73 7.94 9.27
7.3 7.04 7.73 7.95 9.27
7.4 7.01 7.72 7.95 9.27
7.5 6.98 7.71 7.96 9.27
7.6 6.94 7.70 7.96 9.27
7.7 6.87 7.70 7.97 9.27
7.8 6.82 7.69 7.97 9.27
7.9 6.77 7.69 7.97 9.27
8 6.72 7.69 7.97 9.27
8.1 6.67 7.69 7.98 9.27
8.2 6.64 7.69 7.97 9.27
8.3 6.61 7.69 7.98 9.27
8.4 6.59 7.69 7.98 9.27
8.5 6.58 7.69 7.98 9.27
8.6 6.57 7.69 7.98 9.27
8.7 6.56 7.69 7.99 9.27
8.8 6.55 7.65 7.99 9.27
8.9 6.54 7.34 7.99 9.27
9 6.53 7.18 8.00 9.27
9.1 6.53 7.16 8.00 9.27
9.2 6.52 7.20 8.00 9.27
9.3 6.52 7.24 8.01 9.27
9.4 6.52 7.30 8.01 9.27
9.5 6.51 7.35 8.01 9.27
9.6 6.51 7.42 8.01 9.27
9.7 6.51 7.48 8.01 9.28
9.8 6.50 7.53 8.01 9.27
9.9 6.49 7.58 8.02 9.27













































Depth (cm) BSL1 BSL2 BSL3 BSL4
-0.5 0.00 10.10 29.63 23.40 
-0.4 0.00 9.89 28.29 22.04 
-0.3 0.00 9.34 23.67 0.06 
-0.2 0.00 4.83 8.78 0.00 
-0.1 0.00 0.00 0.00 0.00 
0 0.00 0.00 0.00 0.00 
0.1 0.00 0.00 0.00 0.00 
0.2 0.00 0.00 0.00 0.00 
0.3 0.00 0.00 0.00 0.00 
0.4 0.00 0.00 0.00 0.00 
0.5 0.00 0.00 0.00 0.00 
0.6 0.00 0.00 0.00 0.00 
0.7 0.00 0.00 0.00 0.00 
0.8 0.00 0.00 0.00 0.00 
0.9 0.00 0.00 0.00 0.00 
1 0.00 0.00 0.00 0.00 
1.1 0.00 0.00 0.00 0.00 
1.2 0.00 0.00 0.00 0.00 
1.3 0.00 0.00 0.00 0.00 
1.4 0.00 0.00 0.00 0.00 
1.5 0.00 0.00 0.00 0.00 
1.6 0.00 0.00 0.00 0.00 
1.7 0.00 0.00 0.00 0.00 
1.8 0.00 0.00 0.00 0.00 
1.9 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
2.1 0.00 0.00 0.00 0.00 
2.2 0.00 0.00 0.00 0.00 
2.3 0.00 0.00 0.00 0.00 
2.4 0.00 0.00 0.00 0.00 
2.5 0.00 0.00 0.00 0.00 
2.6 0.00 0.00 0.00 0.00 
2.7 0.00 0.00 0.00 0.00 
2.8 0.00 0.00 0.00 0.00 
2.9 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 
3.1 0.00 0.00 0.00 0.00 












































3.3 0.00 0.00 0.00 0.00 
3.4 0.00 0.00 0.00 0.00 
3.5 0.00 0.00 0.00 0.00 
3.6 0.00 0.00 0.00 0.00 
3.7 0.00 0.00 0.00 0.00 
3.8 0.00 0.00 0.00 0.00 
3.9 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 
4.1 0.00 0.00 0.00 0.00 
4.2 0.00 0.00 0.00 0.00 
4.3 0.00 0.00 0.00 0.00 
4.4 0.00 0.00 0.00 0.00 
4.5 0.00 0.00 0.00 0.00 
4.6 0.00 0.00 0.00 0.00 
4.7 0.00 0.00 0.00 0.00 
4.8 0.00 0.00 0.00 0.00 
4.9 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 
5.1 0.00 0.00 0.00 0.00 
5.2 0.00 0.00 0.00 0.00 
5.3 0.00 0.00 0.00 0.00 
5.4 0.00 0.00 0.00 0.00 
5.5 0.00 0.00 0.00 0.00 
5.6 0.00 0.00 0.00 0.00 
5.7 0.00 0.00 0.00 0.00 
5.8 0.00 0.00 0.00 0.00 
5.9 0.00 0.00 0.00 0.00 
6 0.00 0.00 0.00 0.00 
6.1 0.00 0.00 0.00 0.00 
6.2 0.00 0.00 0.00 0.00 
6.3 0.00 0.00 0.00 0.00 
6.4 0.00 0.00 0.00 0.00 
6.5 0.00 0.00 0.00 0.00 
6.6 0.00 0.00 0.00 0.00 
6.7 0.00 0.00 0.00 0.00 
6.8 0.00 0.00 0.00 0.00 
6.9 0.00 0.00 0.00 0.00 
7 0.00 0.00 0.00 0.00 
7.1 0.00 0.00 0.00 0.00 







































7.3 0.00 0.00 0.00 0.00 
7.4 0.00 0.00 0.00 0.00 
7.5 0.00 0.00 0.00 0.00 
7.6 0.00 0.00 0.00 0.00 
7.7 0.00 0.00 0.00 0.00 
7.8 0.00 0.00 0.00 0.00 
7.9 0.00 0.00 0.00 0.00 
8 0.00 0.00 0.00 0.00 
8.1 0.00 0.00 0.00 0.00 
8.2 0.00 0.00 0.00 0.00 
8.3 0.00 0.00 0.00 0.00 
8.4 0.00 0.00 0.00 0.00 
8.5 0.00 0.00 0.00 0.00 
8.6 0.00 0.00 0.00 0.00 
8.7 0.00 0.00 0.00 0.00 
8.8 0.00 0.00 0.00 0.00 
8.9 0.00 0.00 0.00 0.00 
9 0.00 0.00 0.00 0.00 
9.1 0.00 0.00 0.00 0.00 
9.2 0.00 0.00 0.00 0.00 
9.3 0.00 0.00 0.00 0.00 
9.4 0.00 0.00 0.00 0.00 
9.5 0.00 0.00 0.00 0.00 
9.6 0.00 0.00 0.00 0.00 
9.7 0.00 0.00 0.00 0.00 
9.8 0.00 0.00 0.00 0.00 
9.9 0.00 0.00 0.00 0.00 













































Depth (cm) BSL1 BSL2 BSL3 BSL4
-0.5 16.696 56.395 71.494 42.943 
-0.4 9.867 56.865 71.628 48.216 
-0.3 -7.681 56.896 71.846 52.231 
-0.2 -136.738 56.587 71.820 56.366 
-0.1 -194.767 44.465 71.668 57.306 
0 -207.767 -142.394 69.072 55.890 
0.1 -228.040 -218.875 -26.497 52.031 
0.2 -232.026 -228.115 -98.022 42.178 
0.3 -233.957 -217.603 -112.344 29.910 
0.4 -237.052 -208.195 -121.532 17.300 
0.5 -249.585 -209.725 -133.172 -3.672 
0.6 -244.530 -217.013 -165.493 -17.689 
0.7 -247.012 -226.170 -196.113 -26.133 
0.8 -245.745 -237.430 -193.459 -39.432 
0.9 -245.749 -250.755 -219.458 -66.919 
1 -253.680 -260.967 -208.791 -108.395 
1.1 -248.660 -274.458 -204.119 -132.314 
1.2 -248.560 -279.170 -207.640 -148.187 
1.3 -250.369 -297.738 -218.981 -169.043 
1.4 -252.996 -402.853 -232.430 -180.407 
1.5 -253.888 -380.526 -238.431 -204.528 
1.6 -254.378 -365.885 -257.163 -220.570 
1.7 -252.843 -357.274 -254.803 -233.301 
1.8 -248.786 -357.036 -262.852 -240.526 
1.9 -247.539 -354.974 -275.869 -255.435 
2 -247.323 -352.590 -286.626 -271.631 
2.1 -279.215 -363.415 -285.679 -271.292 
2.2 -262.080 -360.887 -292.962 -294.629 
2.3 -255.513 -368.416 -295.420 -302.155 
2.4 -255.671 -366.133 -299.478 -303.978 
2.5 -253.779 -365.828 -305.101 -304.937 
2.6 -249.403 -363.271 -311.453 -305.911 
2.7 -248.480 -362.264 -312.821 -306.839 
2.8 -246.017 -369.600 -316.867 -307.653 
2.9 -246.278 -370.898 -320.967 -308.291 
3 -245.264 -377.679 -335.866 -385.046 
3.1 -244.455 -389.391 -355.130 -375.216 












































3.3 -242.576 -382.257 -386.455 -364.318 
3.4 -242.103 -377.660 -377.676 -362.484 
3.5 -241.922 -375.207 -371.725 -374.108 
3.6 -241.584 -372.910 -373.293 -374.642 
3.7 -242.152 -383.110 -371.532 -383.249 
3.8 -242.262 -377.414 -369.549 -376.523 
3.9 -241.800 -373.892 -369.027 -373.202 
4 -242.772 -382.959 -369.146 -370.814 
4.1 -245.425 -379.328 -368.325 -367.734 
4.2 -244.530 -377.358 -367.777 -374.077 
4.3 -244.064 -376.727 -367.658 -382.039 
4.4 -254.814 -375.465 -369.342 -376.458 
4.5 -255.802 -374.543 -383.680 -444.100 
4.6 -252.603 -374.001 -379.336 -427.236 
4.7 -251.284 -373.258 -376.753 -417.451 
4.8 -247.712 -373.063 -375.446 -410.511 
4.9 -245.662 -386.694 -374.816 -417.381 
5 -245.241 -388.649 -379.351 -435.662 
5.1 -245.951 -418.999 -395.052 -481.935 
5.2 -246.494 -419.876 -392.817 -476.777 
5.3 -247.064 -425.083 -392.214 -474.102 
5.4 -247.070 -419.603 -391.875 -471.361 
5.5 -246.968 -423.986 -392.813 -475.378 
5.6 -246.755 -421.283 -393.234 -470.343 
5.7 -247.586 -420.921 -400.889 -605.407 
5.8 -247.065 -417.832 -397.581 -544.810 
5.9 -246.649 -440.672 -419.865 -522.645 
6 -270.562 -435.412 -412.386 -510.444 
6.1 -267.316 -459.329 -411.836 -503.600 
6.2 -259.844 -449.336 -411.603 -498.799 
6.3 -261.414 -446.395 -409.578 -494.119 
6.4 -257.840 -450.944 -406.576 -488.275 
6.5 -255.298 -454.759 -404.818 -485.744 
6.6 -254.538 -449.132 -404.237 -492.126 
6.7 -253.664 -448.452 -415.277 -489.827 
6.8 -251.287 -469.907 -424.266 -490.321 
6.9 -249.642 -462.002 -422.103 -489.577 
7 -248.906 -503.058 -439.069 -488.322 
7.1 -248.407 -482.166 -430.518 -532.974 







































7.3 -247.695 -454.476 -424.811 -529.105 
7.4 -247.515 -453.506 -474.925 -522.155 
7.5 -246.794 -454.497 -461.961 -518.324 
7.6 -246.126 -454.463 -452.593 -527.593 
7.7 -245.737 -456.011 -439.933 -520.796 
7.8 -245.583 -458.187 -437.318 -523.586 
7.9 -245.376 -457.840 -435.680 -521.377 
8 -245.239 -465.026 -437.380 -531.790 
8.1 -245.563 -470.041 -434.884 -525.132 
8.2 -246.847 -465.942 -432.902 -517.783 
8.3 -248.438 -464.146 -431.787 -524.246 
8.4 -253.851 -461.864 -432.018 -529.128 
8.5 -252.539 -503.109 -427.681 -522.742 
8.6 -250.817 -525.112 -435.557 -518.908 
8.7 -248.467 -529.321 -441.007 -522.980 
8.8 -247.122 -529.925 -442.550 -521.659 
8.9 -246.636 -522.258 -441.631 -517.939 
9 -246.118 -519.276 -440.837 -514.281 
9.1 -245.615 -520.308 -439.810 -511.235 
9.2 -245.256 -519.818 -438.766 -509.748 
9.3 -245.117 -517.811 -437.878 -508.540 
9.4 -244.725 -517.948 -437.922 -507.677 
9.5 -244.513 -514.733 -438.351 -507.010 
9.6 -244.154 -514.006 -436.509 -505.848 
9.7 -244.067 -511.989 -436.722 -508.232 
9.8 -243.768 -511.532 -435.661 -505.540 
9.9 -243.861 -509.731 -435.259 -503.994 













































Depth (cm) BSL1 BSL2 BSL3 BSL4
-0.5 101.401 100.312 63.797 99.148 
-0.4 101.271 100.056 63.874 99.356 
-0.3 101.210 99.856 63.802 99.512 
-0.2 102.195 99.926 64.295 99.602 
-0.1 101.168 99.970 64.619 100.043 
0 101.037 99.979 64.970 100.238 
0.1 100.951 100.058 65.547 100.462 
0.2 100.901 99.991 65.776 100.565 
0.3 100.853 100.145 65.711 100.618 
0.4 100.782 100.123 65.941 100.516 
0.5 100.732 100.073 65.937 100.646 
0.6 100.779 100.053 66.633 100.667 
0.7 100.712 100.029 67.783 100.666 
0.8 100.748 99.910 68.243 100.656 
0.9 100.661 99.852 68.658 100.641 
1 100.617 99.936 69.761 100.666 
1.1 100.629 100.147 72.729 100.683 
1.2 100.608 100.513 74.688 100.742 
1.3 100.624 100.840 76.687 100.915 
1.4 100.589 101.070 78.461 101.011 
1.5 100.546 101.387 79.826 101.083 
1.6 100.552 101.659 80.915 101.106 
1.7 100.601 102.149 82.365 101.111 
1.8 100.524 102.314 83.479 101.121 
1.9 100.432 102.009 84.261 101.177 
2 100.456 101.203 85.594 101.330 
2.1 100.429 101.233 86.922 101.494 
2.2 100.337 101.660 87.307 101.618 
2.3 100.341 101.446 87.390 101.863 
2.4 100.322 100.830 87.626 102.102 
2.5 100.315 100.735 88.158 102.394 
2.6 100.348 101.174 88.360 102.552 
2.7 100.346 101.958 88.635 102.617 
2.8 100.342 102.665 88.953 102.022 
2.9 100.355 103.028 89.141 102.458 
3 100.406 103.370 89.377 102.532 
3.1 100.389 103.685 89.837 102.368 












































3.3 100.419 104.186 90.554 102.139 
3.4 100.441 104.341 90.527 102.048 
3.5 100.455 104.410 90.748 101.957 
3.6 100.441 104.439 90.661 101.958 
3.7 100.418 104.575 90.544 101.875 
3.8 100.384 104.730 90.808 101.655 
3.9 100.323 104.874 90.435 101.807 
4 100.310 104.895 90.584 101.918 
4.1 100.259 104.909 89.439 101.953 
4.2 100.219 105.001 90.494 101.925 
4.3 100.201 105.048 90.988 101.962 
4.4 100.156 104.999 91.105 101.984 
4.5 100.150 105.034 91.624 101.964 
4.6 100.163 105.208 91.472 101.853 
4.7 100.154 105.448 91.439 101.879 
4.8 100.174 105.489 91.167 101.936 
4.9 100.190 105.641 91.225 101.986 
5 100.231 105.825 91.464 102.058 
5.1 113.553 103.865 92.257 102.935 
5.2 102.451 103.931 92.778 103.352 
5.3 101.376 103.657 92.695 103.543 
5.4 100.819 103.368 92.200 103.549 
5.5 100.447 103.150 92.098 103.658 
5.6 100.175 103.025 92.255 103.527 
5.7 100.139 102.959 92.463 103.358 
5.8 99.948 102.770 91.684 103.270 
5.9 99.849 103.212 91.084 103.321 
6 99.780 103.314 92.306 103.329 
6.1 99.750 103.362 92.693 103.251 
6.2 99.702 103.860 93.239 103.031 
6.3 99.720 104.087 93.168 102.823 
6.4 99.636 104.332 93.267 102.571 
6.5 99.604 104.648 93.318 102.459 
6.6 99.591 105.142 92.906 102.226 
6.7 99.608 105.670 92.848 102.131 
6.8 99.781 106.092 93.223 102.216 
6.9 99.880 106.464 93.292 102.322 
7 99.988 106.850 92.560 102.416 
7.1 99.986 107.199 92.660 102.219 







































7.3 100.135 107.937 74.722 101.696 
7.4 100.193 108.387 0.000 101.406 
7.5 100.233 108.678 0.000 101.454 
7.6 100.293 108.874 0.000 101.726 
7.7 100.331 109.159 0.000 101.828 
7.8 100.407 109.376 0.000 101.873 
7.9 100.402 109.630 1498.944 101.915 
8 100.486 109.976 1736.944 102.015 
8.1 100.511 110.087 1347.289 102.100 
8.2 100.612 110.273 1113.762 102.198 
8.3 100.561 110.425 1133.574 102.222 
8.4 100.547 110.567 1168.209 102.094 
8.5 100.528 110.603 1740.990 102.090 
8.6 100.554 110.677 1740.990 102.024 
8.7 100.576 110.715 1740.990 101.927 
8.8 100.583 110.823 1740.990 102.102 
8.9 100.605 110.874 1440.845 102.109 
9 100.585 110.894 1183.734 102.074 
9.1 100.601 110.776 1023.091 102.036 
9.2 100.617 110.826 954.805 101.819 
9.3 100.637 110.816 995.213 101.706 
9.4 100.609 110.863 1005.370 101.785 
9.5 100.600 110.847 1299.636 101.873 
9.6 100.642 110.847 1057.776 101.838 
9.7 100.639 110.796 1382.608 101.857 
9.8 100.661 110.793 981.940 101.805 
9.9 100.667 110.724 949.888 101.811 















        
 
        
 
        
 
        
 
        
 
        
 
         
         
 
        
 
        
 
        
 
        
 
        
 
        
 
        
 
        
Principle Component Analysis Data
PCA Data
Site








-3.62 -2.18 -2.62 -3.57 -1.05 -2.12 -1.46 -0.43
H2S_core
-177.08 -141.68 -159.05 -165.52 88.05 89.21 88.07 95.78
pH_Core
7.75 7.57 7.71 7.89 7.67 7.60 7.55 7.43
O2_Core
-1.90 -0.77 -2.26 -1.21 0.00 0.00 6.08 0.00
Eh_Core
-92.02 -120.23 -202.10 -72.87 -322.01 -359.78 -271.53 -387.56
Ammonia _PW
0.91 1.28 2.04 1.89 2.50 2.87 4.70 NV
Nitrate_Nitrite
_PW 0.66 0.06 0.22 0.18 0.07 0.06 0.06 NV
Dissolved Ortho-P 
_PW 0.04 0.06 0.10 NV NV NV NV NV
Fe_PW
0.18 0.11 0.07 0.58 0.00 0.07 0.17 NV
Al_PW
10.35 8.19 3.21 16.27 NV NV NV NV
Mn_PW
0.04 0.14 0.20 0.58 0.00 0.00 0.00 NV
H2S_PW
3.17 0.49 1.89 0.30 0.50 7.83 0.00 NV
C-D Fe
11.36 25.73 32.05 26.80 NV NV NV NV
HCl Fe
0.16 0.44 0.22 0.04 NV NV NV NV
O2_OW
69.05 7.82 58.78 109.85 59.99 9.10 92.36 92.00
Eh_OW





        
 
        
 
        
         
 
        
 
        
 
        
 
        
  
        
 
        
 
        
 
        
         
 
        
 
         
 
        
 
        
 
        
        
pH_OW
7.85 7.71 8.09 8.10 7.02 7.59 7.66 7.39
TKN _OW
0.46 0.52 0.55 0.59 1.30 0.54 0.54 0.50
TP_OW
0.11 0.11 0.12 0.11 0.72 0.10 0.20 0.03
Dissolved Ortho-
P_OW 0.07 0.07 0.05 0.08 0.08 0.00 0.43 0.01
Aluminum_OW
320.00 180.00 360.00 110.00 18000.00 270.00 890.00 400.00
Iron_OW
290.00 160.00 290.00 110.00 36000.00 575.00 1400.00 690.00
Manganese_OW
11.00 12.00 13.00 6.70 410.00 340.00 790.00 44.00
Molybdenum_OW
9.00 8.50 8.60 8.90 NV NV NV NV
Chl "a" TOP_OW
3.63 14.50 11.72 10.57 0.25 7.99 1.79 6.08
TSS TOP_OW
6.10 10.80 8.60 9.10 16.73 8.00 8.97 8.30
TPOCTOP_OW
1.03 0.56 0.95 0.66 6.76 0.56 4.83 4.35
DOC TOP_OW
5.85 5.39 5.73 5.00 11.44 12.78 8.67 8.60
Chl "a" 
BOTTOM_OW 8.96 13.22 15.97 11.85 2.50 1.20 2.42 5.92
TSS BOTTOM_OW
6.90 12.40 16.60 10.30 171.47 27.90 22.50 15.23
TPOC
BOTTOM_OW 0.11 0.32 0.42 0.23 2.01 1.78 1.45 6.43
DOC BOTTOM_OW
5.52 5.78 5.07 4.99 4.34 3.98 3.42 8.50
Ammonia _SED
27.00 20.67 25.27 20.37 NV NV NV NV
TKN_SED
270.00 286.67 296.67 170.00 3433.33 2700.00 4100.00 77.67
Nitrate/Nitrite_SED 





        
 
        
 
        
 
        
 
        
 
        
         
 
         
         
 
        
 
        
 
        
 
        
  
TP _SED
413.33 293.33 290.00 190.00 NV NV NV NV
% Solids_SED
320.33 80.66 80.00 82.33 38.67 40.00 32.00 79.33
Aluminum_SED
733.33 796.67 710.00 290.00 18000.0022333.3323666.67 69.33
Iron _SED
1093.33 1120.00 1013.33 360.00 55666.6760666.6756333.33 103.00
Manganese_SED
5.90 5.03 6.23 2.97 326.67 526.67 746.67 0.51
AVS _SED
105.95 245.67 192.78 117.54 21.81 27.79 6.84 4.55
Total Reduced 
Sulfur _SED 36.63 55.67 60.83 26.31 27.21 22.12 9.03 5.69
Solid long term
Iron _SED 31.13 21.87 13.29 8.13 NV NV NV NV
Solid short term 
Iron_SED 11.36 25.73 32.05 26.80 NV NV NV NV
NH3_NFLUX
0.19 0.10 0.09 0.09 0.03 0.02 0.02 0.00
Total_NFLUX
0.01 0.00 0.04 -0.02 0.00 0.00 0.00 0.00
DGT_Fe
13.97 17.08 28.38 NV 0.00 0.00 0.00 0.00
DGT_Mn
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Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 6 iterations.
99
